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The Effect of Sensory Impairment on Cognitive Ability in Octogenarians and Centenarians 
Specific Aims 
 The development, maintenance, and eventual decline of an individual’s cognitive abilities 
across the lifespan are collectively known as a cognitive trajectory.  Demographic factors appear 
to be primarily responsible for differences in cognitive trajectories in early- to mid-life (Brunner, 
2005; Koster et al., 2005).  More recently, biological factors that influence cognitive trajectories 
over the lifespan have been proposed.  One of these biological factors that has attracted recent 
research interest is the integrity of sensory functioning.  The limited existing literature suggests 
that sensory and cognitive functions co-vary throughout the lifetime.  Moreover, this covariation 
appears to increase with aging – a concept entitled the ‘Common Cause Hypothesis’ (U. 
Lindenberger & Baltes, 1994).  Little research has examined the impact of the degree and nature 
of sensory impairment on specific cognitive or functional abilities.  For example, it is not known 
whether visual impairment may affect performance on cognitive tasks that are primarily auditory 
in nature.  Furthermore, the influence of sensory impairment on cognitive and functional 
performance over and above the effect of demographic factors has not been investigated 
systematically in older adults.   
This study proposes to examine the impact of the presence and extent of visual and 
auditory impairment on cognitive functioning and ability to perform daily living activities in a 
sample of octogenarians and of centenarians, both of whom are among the oldest old.  The study 
will also determine whether sensory functioning accounts for additional variance in cognitive 
and functional performance beyond education and other demographic factors.  By contrasting 
performance in centenarians and octogenarians, this study will test the hypothesis that 
covariation between sensory and cognitive functioning increases with advancing age.   While 
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octogenarians are individuals at the limits of a typical lifespan, centenarians have out-lived the 
typical causes of mortality, living the ‘ultimate’ lifespan.  
Specific Aim 1 
 The study will determine the relative contributions of auditory and visual impairment to 
neuropsychological performance and performance of basic and instrumental activities of daily 
living.  Levels of visual impairment measured via Snellen chart and self-report and auditory 
impairment measured via a graded hearing test (Totally Deaf, Hears a shout, Hears Normal 
Voice, Hears a Whisper) and self-report will be examined in a population-based sample of 
octogenarians (n = 80) and centenarians (n = 244) drawn from the Georgia Centenarian Study.  
Outcome measures will assess general cognitive functioning, specific neuropsychological 
functioning, and measures of basic and instrumental functional capacity.  It is hypothesized that 
(a) individuals with the greatest sensory impairments will score lowest on all neuropsychological 
measures.  It is predicted that visual and hearing impairment will account for a significant 
proportion of variance in performance on all measures, regardless of whether they are primarily 
visual or primarily auditory in nature. For example, hearing ability will account for a significant 
amount of variance in primarily visual tasks (BDS Fist-Edge-Palm Task, Heads Task, 
Alternating Thumb-Finger Task, Tapping Inhibition Task, MMSE Pentagon Copy Task) and 
vision ability will account for a significant amount of variance in primarily auditory tasks (BDS 
Oral Trails Task, Go No-Go Task, Sequencing, and Tapping Task, WAIS-III Similarities, 
COWAT).  (b) Sensory functioning will have a greater impact on centenarian cognitive 
performance than on octogenarian cognitive performance, such that a lower level of sensory 
functioning will be more strongly associated with a lower level of cognitive functioning across 
domains.  (c) Centenarians will show greater cross-sensory-modality impairment than 
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octogenarians. The strength of the covariance between auditory impairment and BDS Fist-Edge-
Palm Task, Heads Task, Alternating Thumb-Finger Task, Tapping Inhibition Task, and MMSE 
Pentagon Copy Task will be greater for centenarians than for octogenarians.  The strength of the 
covariance between vision impairment and BDS Oral Trails Task, Go No-Go Task, Sequencing, 
and Tapping Task, WAIS-III Similarities, and COWAT will also be greater for centenarians than 
for octogenarians.  Regarding functional capacity, it is hypothesized that (d) greater sensory 
impairments will result in lower performance on both basic and instrumental activities of daily 
living, but instrumental ADL performance will be more highly influenced by sensory functioning 
than basic ADL performance. 
Specific Aim 2 
 The study will determine whether the inclusion of sensory functioning in predictive 
models of late-life cognitive abilities and activities of daily living accounts for incremental 
variance over demographic predictors such as education, sex, and age.  It is hypothesized that 
(a) sensory functioning will account for a significant proportion of variance in late life cognitive 
functioning above and beyond that contributed by education, sex, and age and (b) the proportion 
of additional variance accounted for by sensory functioning will be greater in centenarians than 
in octogenarians. 
Background & Significance 
 Neuropsychological assessment is an established means of studying both normal and 
impaired cognitive functioning. The field of neuropsychology has progressed toward studying 
increasingly refined cognitive domains including executive functioning, attention, processing 
speed, episodic and semantic memory, visuo-spatial skills and perceptual reasoning.  In order to 
understand factors underlying individual differences in these cognitive abilities, 
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neuropsychologists have evaluated the covariation of ‘intelligence’ with various environmental 
and biological variables across the lifespan. Particular attention has been given to the 
contribution of demographic factors, such as age, sex, race or ethnicity, and years of education, 
to level of cognitive functioning.  Recently, biological variables, such as genetic predispositions, 
the presence of disease or injury, and nutritional status, have been shown to influence cognitive 
status.  Among biological variables, one area that has not received much research attention is the 
effect of sensory function and dysfunction on cognitive ability.  Furthermore, no studies appear 
to have examined the relative impact of level of sensory impairment on specific cognitive 
domains.  The purpose of this study is to assess the ‘Common Cause’ hypothesis of cognitive 
aging by assessing the effect of level of sensory functioning on cognitive performance. 
Predicting Cognitive Abilities: Demographic Factors   
Numerous studies of cognitive aging have examined the impact of demographic factors 
on cognitive functioning in both early- and late-life.  The majority of these studies are cross-
sectional in design, comparing the neuropsychological performance of samples of individuals in 
different cohorts.  Two recent large-scale cross-sectional studies have examined the impact of 
age, education, gender, and race on specific verbal abilities (Snitz et al., 2009), as well as the 
interplay of demographic factors with genetic predispositions (e.g., Apolipoprotein E [APOE] 4 
allele) on general cognitive functioning, verbal fluency and knowledge, naming, learning and 
working memory for auditory and visual information, perceptual reasoning and construction, 
executive functioning and processing speed (Welsh-Bohmer et al., 2009).  Both studies present 
evidence that age and education in particular and, to a lesser extent, race and gender, predict 
cognitive functioning in specific neuropsychological domains across the lifespan.   
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A limitation of the cross-sectional nature of many of the neuropsychological studies is 
that these investigations can only make restricted conclusions about causality.  Advanced 
statistical modeling techniques have allowed for the evaluation of the dynamics between 
demographic factors and cognitive abilities over time rather than at a discrete age.  While it is 
important to establish normative values for neuropsychological performance in late life – the end 
point, so the speak - it is also critical to understand factors related to the aging process.  
Longitudinal data collected from the ‘Established Populations for Epidemiological Studies of the 
Elderly’ program (EPESE) and a large-scale North American study assessed the effects of a 
broader range of demographic factors, including not only age, gender, race and education but 
also marital status, occupation, household income and debt (Karlamangla et al., 2009; White et 
al., 1993).  These longitudinal demographic studies have confirmed the findings of cross-
sectional literature such that being of younger age, Caucasian race, female gender and being 
better educated is consistently associated with better cognitive functioning.  Working in a higher-
level occupation and being married are also factors associated with better neuropsychological 
performance.  The limited longitudinal research has also captured a more comprehensive view of 
trends in the effect of these demographic factors across the lifespan.  It appears that demographic 
factors, while strongly predictive of cognitive abilities in early- and mid-life, become less 
important in late- and very late-life (Karlamangla et al., 2009).  Such findings highlight the need 
to understand the relative importance of specific demographic factors across time, and to 
discover which factors may better predict cognitive functioning in late life. 
 Education and the cognitive reserve hypothesis.  Education constitutes the most 
researched and, perhaps, most intuitive predictor of cognitive performance across the lifespan. A 
common explanation for the relationship between education and cognitive aging is the cognitive 
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reserve hypothesis, which purports that inter-individual variability in lifestyle factors – 
particularly education – accounts for differences in cognitive performance through the 
mechanisms of neural reserve and neural compensation (Stern, 2002, 2009; Whalley, Deary, 
Appleton, & Starr, 2004).  Stern (2002, 2009) defines neural reserve as the level of cognitive 
efficiency, capacity, or flexibility of the brain networks utilized in a healthy brain.  Neural 
compensation, however, relates more to the brain’s potential for plasticity. It is defined as the 
ability of the brain to respond to insult by using networks and strategies not commonly employed 
by the healthy brain.  In terms of education, individuals who are better educated possess a higher 
level of cognitive reserve and are therefore protected from the detrimental cognitive effects of 
neuropathology (Stern, 2002, 2009; Whalley et al., 2004).  These individuals can sustain equal 
levels of neurological insult, but will express less actual impairment than an individual with low-
education, who would present as more demented.  Furthermore, individuals with high cognitive 
reserve are able to sustain more neuropathological burden from degenerative diseases, such as 
Alzheimer’s disease (AD), before beginning to express symptoms of cognitive decline than those 
individuals with low cognitive reserve. Studies testing this concept have utilized participants 
with AD precursors, such as the APOE 4 allele, or participants already diagnosed with AD or 
other dementias with varying levels of education (Dumurgier et al., 2010; Seeman et al., 2005; 
Shadlen et al., 2005).  Research has also explored the effects of level of education on either 
specific cognitive domains (Ardila, Ostrosky-Solis, Rosselli, & Gomez, 2000; Carret et al., 
2005), or general cognitive abilities (Farmer, Kittner, Rae, Bartko, & Regier, 1995).  
It has been postulated that education has a significant but complex effect on an 
individual’s cognitive trajectory that is difficult to disentangle from other socioeconomic or 
health-related factors.  While it is agreed that the number of years of formal education is 
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positively related to cognitive level at baseline (in mid-life), the impact of education on the rate 
of cognitive decline over time is still contended.  Some studies have proposed that education 
does not reliably predict extent and rate of cognitive decline (Christensen et al., 1997; Van Dijk, 
Van Gerven, Van Boxtel, Van der Elst, & Jolles, 2008; Wilson et al., 2009).  On the contrary, 
multiple studies have suggested that level of education influences rates of decline both generally, 
and in specific domains of functioning (Aiken Morgan, Sims, & Whitfield, 2010; Alley, Suthers, 
& Crimmins, 2007; Ardila et al., 2000; Bourne, Fox, Deary, & Whalley, 2007; Evans et al., 
1993; Meijer, van Boxtel, Van Gerven, van Hooren, & Jolles, 2009).  A review of the literature 
noted that, for those studies that found significant effects of education on the lifespan cognitive 
trajectory, the effect was contingent upon some other factor – a restricted age group, sex, or 
baseline cognitive ability (K. Anstey & Christensen, 2000). 
 Socioeconomic status.  Socioeconomic status (SES) combines a number of 
environmental factors such as educational attainment, employment income, occupational grade, 
property wealth, and social hierarchy position (Braveman, Egerter, & Williams, 2011).  SES 
shares a robust and well-documented relationship with health outcomes such as heart disease, 
cerebrovascular disease, diabetes, hypertension, poor pulmonary functioning, high serum 
concentrations of inflammatory factors (Koster et al., 2005), metabolic syndromes (Brunner, 
2005), and mortality (Phelan, Link, & Tehranifar, 2010).  The relationship between SES and 
heath outcomes is attributed to both downstream determinants, such as access to and use of 
medical care and personal health behaviors/lifestyle factors, and to “upstream determinants,” 
such as living and working conditions in homes and communities, and economic and social 
opportunities and resources (Braveman et al., 2011). 
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Among the negative health outcomes associated with reduced social and economic 
functioning is cognitive decline.  Employment grade in mid-life significantly predicts several 
specific cognitive functions including short-term memory, inductive reasoning, vocabulary, 
phonemic fluency and semantic fluency (Brunner, 2005).  This relationship co-varies with age 
such that, for older individuals, high employment grade is associated with better performance on 
vocabulary tests for males and females, and better inductive reasoning skills in females only.  
Research substantiates the idea that SES impacts intellectual functioning at single time-points 
and across the lifespan.  Early-life SES drives adulthood SES, which in turn affects mid-life 
cognitive abilities.   This finding implies that factors like parental income have an indirect but 
significant effect on cognitive performance across the lifespan (Singh-Manoux, Richards, & 
Marmot, 2005).   
Some researchers purport that the seemingly direct relationship between SES and 
cognitive functioning in late life is illusory because it may be mediated by healthcare access and 
use, diet, exercise, stress levels, education and other third variables.  Koster et al. (2005) 
attempted to dismantle the link between SES and cognitive decline (defined as at least a 5-point 
decrease on the Modified MMSE over the span of 4 years) by assessing the meditational effect of 
various health markers.  After all biomedical variables were controlled, the direct effects of basic 
SES variables (education, employment and income) were significant, such that individuals in 
their seventies with low education, low employment grade or unemployment, and low number of 
assets were most likely to decline over the four year time period. 
 Race/Ethnicity.  It is important to note that race or ethnicity, often considered to be 
critical SES variables, do not significantly predict cognitive decline. While racial differences 
may drive fluctuations in specific cognitive abilities over time, cumulative decline in late life is 
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equal regardless of race (Masel & Peek, 2009).  Commensurate with these findings, there is no 
difference in prevalence of diagnosed dementia between African-American, White, and Hispanic 
individuals despite poorer MMSE performance for minorities (Bohnstedt, Fox, & Kohatsu, 
1994).  Instead, the increased prevalence of neuropsychologically-defined dementia (a significant 
decline on the MMSE) for African-American and Hispanic may not reflect a true discrepancy, 
but the tendency of the Mini-Mental State Examination to underestimate cognitive performance 
in minority populations.  
 Sex.  Current research addressing cognitive aging provides an inconsistent picture of 
whether or to what extent sex plays a role.  Although global intellectual functioning across the 
lifespan may be relatively consistent between men and women (Gerstorf, Herlitz, & Smith, 
2006), specific cognitive abilities may develop or deteriorate as a function of sex.  More 
specifically, women show a steeper decline in global cognitive function, experience visuospatial 
decline at an earlier age (Proust-Lima et al., 2008), and have better processing speed and 
memory (van Exel et al., 2001) when compared to males.  Conversely, the male cognitive 
trajectory shows a greater decline in verbal abilities than does the female trajectory (Proust-Lima 
et al., 2008).  Sex differences in neuropsychological test performance also exist, suggesting that 
males experience less overall decline on Digit Span Backwards and basic reaction time, and 
females show less overall decline on recall and the Symbol-Digit Modalities Test (Jorm, Anstey, 
Christensen, & Rodgers, 2004).   
Although evidence exists to support sex differences in the development and decline of 
specific cognitive abilities, researchers again point to the confounding role of lifestyle and health 
variables to explain what may be an indirect relationship between sex and cognition.  For 
example, lifestyle and biomedical factors such as education, non-English speaking background, 
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depressive symptoms, alcohol abstinence or occasional use, low physical activity, heavy 
cannabis use, and pulmonary function serve as mediators of this relationship.  Statistical control 
of these factors significantly change the relationship between sex and cognitive functioning in 
late life, such that male advantages disappeared and female advantages were magnified (Jorm et 
al., 2004).  
While the literature is still inconsistent in terms of the direct relationship between sex and 
cognitive aging, there is consistent evidence of sex differences in the prevalence of memory loss, 
functional loss, and mortality.  It appears that, though men and women show similar rates of 
dementia, men show a slower rate of decline than do women, often meeting criteria for Mild 
Cognitive Impairment (MCI) for a period of time before developing Alzheimer’s disease or 
dementia.  Women, on the other hand, decline more rapidly from normal aging to Alzheimer’s 
disease or other dementias (Petersen et al., 2010).  More generally, men are considered the 
‘expert survivors’ relative to women.  Although men show higher rates of mortality at all ages 
and generally die at a younger age than women, they also experience fewer disabilities and 
diseases in late life (Newman & Brach, 2001; Oksuzyan, Juel, Vaupel, & Christensen, 2008).  
These differences can be explained by discrepant biomedical factors (genetics, immune system 
responses, hormones and disease patterns) and lifestyle factors (ex. increased risk-taking 
behaviors and lower likelihood of seeking and complying with medical care in men).   
Predicting Cognitive Abilities: Lifestyle Factors 
 Although the majority of research regarding prediction of cognitive trajectories has 
centered on demographic factors, some lifestyle factors have also been evaluated.  Lifestyle 
factors constitute a promising set of predictors of late-life cognitive abilities that are inherently 
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modifiable and, if found to be associated with cognitive functioning, could serve as the basis for 
cognitive and behavioral interventions.   
Recent large-scale meta-analyses and systematic reviews provide insight into the 
relationship between physical activity and cognitive functioning in mid- and late-life.  Although 
there is some disagreement regarding dose-response relationships and optimal duration of 
exercise, evidence from these reviews overwhelmingly concludes that exercise can reduce the 
extent of cognitive decline and protect against dementia and Alzheimer’s Disease (Chang et al., 
2010; Fratiglioni, Paillard-Borg, & Winblad, 2004; Jedrziewski, Ewbank, Wang, & Trojanowski, 
2010; Sofi et al., 2011).  In parallel with the growing attention to the role of physical activity, the 
impact of non-physical cognitive activity on cognitive functioning has developed a strong base in 
the literature.  The concept of “Use it or Lose it” has been widely accepted by older adults, who 
are interested in maintaining or even improving their cognitive functioning through activities 
such as puzzles, word games, and mentally stimulating activities.  There is evidence in the recent 
literature that maintaining both non-physical, mentally-stimulating hobbies such as leisure 
activities, visiting museums, reading, or painting (Fratiglioni et al., 2004), as well as puzzles, 
games and exercises designed to target and bolster specific cognitive skills (La Rue, 2010) have 
a positive and protective impact on cognitive functioning in older adults. 
Lifetime nutritional status has also been identified as a factor associated with cognitive 
changes in the older adult population.  The immediacy of the effects of nutritional changes 
makes it a promising potential target for late-life interventions.  The benefits of fruit, vegetables, 
anti-oxidants, nutritional supplements like folate and niacin, and moderate alcohol use on 
cognition and dementia risk have been well-established, as have the negative effects of high red 
meat and dairy intake, high consumption of foods containing trans-unsaturated and saturated fats, 
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and excessive alcohol use (Guyonnet, 2007; Van Dyk & Sano, 2007).   However, more research 
is required to tease apart the subtleties of the relationship between diet and cognitive abilities. 
For example, little is known about the optimal ratio of food groups, dosages of vitamins and 
supplements, the relative importance of food groups across the lifespan, and the impact of 
nutritional interventions on cognitive functioning (Guyonnet, 2007; Van Dyk & Sano, 2007). 
 Social support, or conversely social isolation, has been found to have a significant effect 
on late-life cognitive functioning.  Social support can be defined in a multitude of ways including 
marital status, family composition, proximity to family members, close friends, church-going, 
community program involvement or group affiliation.  Support itself can be further delineated as 
material assistance, information or education, illness care, or expressions or respect and love 
(Rowe & Kahn, 1987).  Although the construct of social support is inconsistently defined and 
measured, a consistent positive association between social support and various health markers 
has been established in the literature.  In their paper examining the factors that dictate 
“Successful Aging”, Rowe and Kahn (1987) note that social support, whether it is evaluated 
through an examination of an individual’s network, through supportive psychotherapy 
intervention studies, or through an assessment of the detrimental effects of lacking social 
support, is positively associated with better health outcomes.  The mechanism by which this 
protection occurs is that social support and social integration may provide a stress-buffering 
effect in late-life (Depp, Vahia, & Jeste, 2010; Rowe & Kahn, 1987).  In a review of social 
support and engagement in older adults, Fratiglioni, Paillard-Borg & Winblad (2004) suggested 
that individuals who are socially isolated have a two- to four-times increased risk of all-cause 
mortality as compared to socially integrated older adults.  Social support also frequently dictates 
access to other important protective factors, like optimal nutrition and physical activity and is 
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associated with other psychosocial factors like autonomy (Depp et al., 2010) and self-esteem 
(Krause & Shaw, 2000).  Interestingly, it is not solely the gain of support that is protective, but 
also the provision of social support to others that provides positive effects on cognitive and 
emotional aging (Krause, 2006).   
Predicting Cognitive Abilities: Sensory Functioning 
 Although extensive literature abounds regarding the role of neurological diseases and 
disorders, genetics, and other biological factors in determining cognitive trajectory, little 
evidence has examined the role of more basic biological factors such as sensory functioning.  
This fact is even more incongruous when put into context. Eighteen percent of American adults 
aged 45-64 have hearing impairments (National Institute on Deafness and other Communication 
Disorders) and 15% of American adults aged 45-64 have vision impairments (The Lighthouse 
Inc., 1995).  In the population of Americans over the age of 70 years, 18.1% have vision 
impairment as defined by blindness in one or both eyes, use of corrective lenses, history of vision 
correction surgery, or difficulty seeing due to glaucoma, cataracts (MMWR CDC Surveillance 
for sensory impairment, activity limitation, and health-related quality of life among older adults 
– United States, 1993 – 1997).  33.2% of older adults have hearing impairment, defined as 
deafness in one or both ears, cochlear implants or hearing aid use, or other difficulties hearing 
(MMWR CDC Surveillance for sensory impairment, activity limitation, and health-related 
quality of life among older adults – United States, 1993 – 1997).  It is estimated that 5-21% of 
older adults also have dual impairments – significant deficits in both auditory and visual abilities 
(Brennan, Su, & Horowitz, 2006).  The oldest old have the highest rates of sensory dysfunction 
in hearing, vision, touch and balance: of American adults aged 70 and older, one-sixth have 
vision impairment, one-fourth have hearing impairment, one-fourth have loss of feeling in their 
14  
 
extremities, and three-fourths have abnormal balance and posture (Dillon, Gu, Hoffman, & Ko, 
2010).  Rates of hearing and vision loss double from the 70-79 cohort to the cohort of adults 
aged 80 and over (Dillon et al., 2010).  These statistics illustrate the strong positive relationship 
between age and sensory impairments. 
 Given the high prevalence of sensory deficits in the older adult population, it is important 
to understand the impact that sensory dysfunction might have on functional and social capacity.  
Research suggests that older adults suffer markedly greater rates of functional limitations due to 
disability (Figure 1. Krach & Velkoff, 1999).  Dual sensory impairments have the greatest 
negative impact on functional independence, such that older adults with deficits in both vision 
and hearing are least likely to feel competent enough to make decisions on their own and will 
depend on others for completion of instrumental activities, such as household chores and grocery 
shopping (Brennan et al., 2006; Raina, Wong, & Massfeller, 2004).  Both hearing impairments 
and vision impairments, individually, contribute significantly to functional disability.  However, 
vision impairments seem to drive most of the functional disability seen in dual-impaired 
individuals (Brennan et al., 2006; Raina et al., 2004; Reuben, Mui, Damesyn, Moore, & 
Greendale, 1999).  Beyond the functional challenges facing older adults with sensory 
impairments are the social and psychological difficulties associated with sensory problems.  The 
vision- or hearing-impaired older adult often experiences a loss of receptive language abilities, 
making communication and social functioning difficult (Crews & Campbell, 2004; Heine & 
Browning, 2002).  Furthermore, the combination of social isolation and the psychological impact 
of adjusting to sensory loss may lead to increased symptoms of depression and anxiety in older 
adults (Crews & Campbell, 2004). 
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 Research indicates that reduced sensory functioning is associated with impairments in 
both global cognitive ability and specific cognitive domains (Li & Lindenberger, 2002; Tay et 
al., 2006).  It appears that cognitive and sensory abilities generally decrease and become more 
variable across the lifespan, such that older adults have reduced functioning but greater inter- and 
intra-individual abilities in both domains.  Interestingly, the covariance of sensory and cognitive 
functions appears to increase with age.  Various theories have been posited to explain this 
relationship.  The two most prominent theories addressing sensory and cognitive aging are the 
Sensory Deprivation Hypothesis and the Common Cause Hypothesis. 
 The Sensory Deprivation hypothesis.  The Sensory Underload or Sensory Deprivation 
Hypothesis of cognitive aging presents the idea that cognitive deficits seen in old age occur 
secondary to the cumulative effects of chronic and increasing sensory underload due to 
diminished sensory abilities across the lifespan (Sekuler & Blake, 1987).  The reduction in 
sensory stimulation limits the ability of the individual to interact, challenge, and learn from his or 
her environment, eventually causing significant deficits in intellectual abilities. 
Evidence exists to support the Sensory Deprivation Hypothesis of cognitive aging.  
Information garnered from event-related potential (ERP) studies suggests that the decrease in 
auditory functioning common with age is accompanied by a decrease in auditory sensory 
memory, such that older adults have difficulty encoding and retaining sound information in 
sensory memory (Cooper, Todd, McGill, & Michie, 2006).  Research comparing simulated 
hearing and vision problems among young, middle-aged, and older adults has yielded mixed 
conclusions.  Research simulating sensory problems through altered signal-to-noise ratio for 
auditory stimuli (Pichora-Fuller, Schneider, & Daneman, 1995) or visual stimuli (Cronin-
Golomb, Gilmore, Neargarder, Morrison, & Laudate, 2007; Speranza, Daneman, & Schneider, 
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2000) indicates that older adults perform worse than younger adults on tests of letter and word 
identification, recall, working memory, word reading, picture naming, discrimination of faces, 
and pattern completion in these conditions.  Similarly, studies that have assessed the impact of 
simulated sensory overload on paired associate task performance suggest that older adults 
without distracting sensory overload perform equally to younger adults with sensory overload 
(Murphy, Craik, Li, & Schneider, 2000).  This experimental literature provides support for the 
sensory deprivation hypothesis. 
 The Common Cause hypothesis.  In contrast to the sensory deprivation hypothesis of 
cognitive aging, the common cause hypothesis suggests “correlations between measures of 
sensory functioning and intellectual ability may increase in old age because both sets of 
measures are an expression of the physiological architecture…of the brain” (U. Lindenberger & 
Baltes, 1994).  The theory posits that sensory underload does not constitute the cause of 
cognitive decline. Rather, sensory impairments are thought to occur simultaneously with 
cognitive impairments as the result of a neuropathological cause. 
The Common Cause Hypothesis was originally formulated as the result of a study 
examining continuity and discontinuity of cognitive functions in the Berlin Aging Study (BASE) 
sample of older adults aged 70 to 100 years (U. Lindenberger & Baltes, 1994).  In an attempt to 
test the sensory deprivation hypothesis against the common cause hypothesis, researchers 
examined the amount of variance in speed, reasoning, memory, knowledge and fluency 
accounted for by visual and auditory acuity.  Researchers found that 91.3% of the variance in 
intelligence was accounted for by these sensory functions.   
A second BASE study (U. Lindenberger & Baltes, 1997) allowed for closer examination 
of the role of each sensory modality.  Again, evaluation of the amount of variance in cognitive 
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performance accounted for by balance-gait (82.6%), vision (74.5%), and hearing (64.5%) 
provided strong evidence for a common neuropathological process underpinning these functions.  
To examine the Common Cause Hypothesis across the lifespan, the same study evaluated the 
relationship between sensory and cognitive abilities in younger and middle-aged adult samples.  
Baltes and Lindenberger determined that the amount of variance shared between speed, 
reasoning, memory, verbal knowledge and fluency and hearing acuity, visual acuity, balance-
gait, respectively increases across the lifespan, such that the link between cognitive and sensory 
functioning is greater among middle-aged adults than younger adults, and greater among older 
adults than middle-aged adults. 
Latent growth curve modeling analysis of data drawn from the Australian Longitudinal 
Study of Aging suggests that vision functioning and memory share a significant moderate 
association, and that hearing functioning and memory share a significant small association over 
an 8-year period for older adults (K. J. Anstey, Hofer, & Luszcz, 2003).  Furthermore, these 
associations did not change after controlling for demographic factors including age, sex, and 
education, and health factors such as self-rated health, medical conditions, and geriatric 
depression.  Direct associations have also been established between highly discrepant abilities, 
including grip strength, processing speed and memory (Christensen et al., 2000).  Furthermore, 
structural modeling has provided evidence of a common factor that drives changes in cognitive 
and non-cognitive abilities, including global cognitive functioning, processing speed, reaction 
time, vision, grip strength, and respiratory efficiency, with a negative relationship to age 
(Christensen, Mackinnon, Korten, & Jorm, 2001).  The same study also noted a significant 
relationship between visual acuity and age, independent of the common-factor.  This finding was 
consistent with the Lindenberger and Baltes (1994) claim that the relationship between sensory 
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and cognitive functions becomes more important later in life.  Both studies point to a common 
factor that underlies changes in sensory and cognitive functioning, although this factor has not 
been elucidated. 
A more sophisticated means of examining the relationship between sensory and cognitive 
performance is through longitudinal study, which allows researchers to evaluate the change in 
the amount of covariance between the two factors over time.  This literature provides mixed 
evidence for the Common Cause Hypothesis.  A longitudinal study of community-dwelling older 
adults determined that, while processing speed, memory and grip strength were associated, 
sensory ability was not associated with cognitive functioning, nor did baseline sensory 
functioning predict later cognitive functioning (Christensen et al., 2000).  Latent growth curve 
modeling techniques have been used to elucidate the directionality of the sensory-cognitive 
relationship.  These studies have indicated that a single factor of common change accounts for 
approximately half of the variance in these trajectories, and that near and far visual acuity load 
significantly onto this factor (Ghisletta & Lindenberger, 2005; Ulman Lindenberger & Ghisletta, 
2009).  Lead-lag analyses of these models suggest that four variables in particular – near visual 
acuity, far visual acuity, and two processing speed tasks – show reciprocal effects (Ghisletta & 
Lindenberger, 2005; Ulman Lindenberger & Ghisletta, 2009).  The increased association 
between sensory and cognitive abilities is seen in the old and oldest old populations (Ghisletta & 
Lindenberger, 2005; Ulman Lindenberger & Ghisletta, 2009). 
 Although both the correlational and limited longitudinal research has established the 
relationship between cognitive and sensory functioning in late life, the causality or directionality 
of this relationship cannot be ascertained through such research.  Therefore, the common cause 
hypothesis must be evaluated against the sensory deprivation hypothesis through experimental 
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studies that maintain sufficient methodological rigor to tease apart the nature of the relationship 
between late-life cognitive and sensory abilities.  Research comparing simulated hearing and 
vision problems among young, middle-aged, and older adults has yielded mixed conclusions. As 
previously noted, some experimental manipulations of sensory input have resulted in evidence 
for the sensory deprivation hypothesis, concluding that peripheral sensory dysfunction can cause 
dysfunction in a variety of cognitive abilities (Cronin-Golomb et al., 2007; Murphy et al., 2000; 
Pichora-Fuller et al., 1995; Speranza et al., 2000).  However, research that simulated peripheral 
sensory dysfunction in a sample of middle-aged adults through sensory deprivation concluded 
little difference in cognitive performance with and without goggles and ear covers (U. 
Lindenberger, Scherer, & Baltes, 2001).  Although the authors note that they expect different 
outcomes in older adults with reduced compensatory abilities, they discuss that this finding, 
when placed in the context of the other experimental literature, provides evidence for the 
common cause hypothesis.  Lindenberger et al. (2001) conclude that peripheral sensory problems 
do not result in changes in cognitive ability, but that more central or neurological deficits in 
sensory systems occur concurrent to other cognitive deficits, i.e. a common cause is present to 
impair both sets of abilities. 
In sum, the correlational, longitudinal and experimental literature provides generally 
consistent evidence in support of the common cause hypothesis of cognitive aging.  However, 
the common cause hypothesis has not received much direct investigation in a specific sample of 
persons at the limits of longevity.  Furthermore, the research team that originally proposed the 
common cause hypothesis is the major contributor to literature supporting the theory itself.  In 
order to increase reliability of the results, the same findings should be substantiated in an 
independent sample of older adults collected by different researchers.  Therefore, the principal 
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goal of this project is to determine the relationships among hearing, vision, and balance-gait 
sensory abilities and specific cognitive domains in a population-based sample of centenarians 
from a restricted set of US counties in the State of Georgia.   
Present Study Summary 
Although various studies have examined the relationship between sensory and cognitive 
functioning at a global level, little research exists assessing the relationship between varying 
levels of sensory dysfunction and specific cognitive domains.  A more sophisticated analysis of a 
sample of older adults and the oldest old with varying levels of sensory impairment is required to 
better understand the premises of the Common Cause hypothesis: that more severe impairments 
in one system’s functioning will lead to more severe impairments in the functioning of the other 
system, that tasks that require only one principal sensory modality will be affected by deficits in 
a different sensory modality, and that sensory-cognitive covariation increases across the lifespan.  
The primary goal of the current study is to evaluate the components of the Common Cause 
hypothesis by examining the amount of shared variance in vision and hearing ability and 
neuropsychological performance in different cognitive domains. 
Method 
The present analysis will contribute to Phase 3 (2001-2007) of the Georgia Centenarian Study 
(GCS), an extensive program of studies initiated in 1988.  The Georgia Centenarian Study has 
four project areas.  The current analysis utilizes data from Project 3, which examines the 
neuropsychological correlates of functional capacity in samples of octogenarians and 
centenarians. 
Participants 
The University of Georgia Institutional Review Board approved the larger Georgia Centenarian 
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Study (GCS) for Human Subjects.  Participants were recruited from a 44-county region in 
northern Georgia.  To recruit a population-based sample of community-dwelling octogenarians 
(individuals aged 80 and older) and centenarians (individuals aged 98 and older), voter 
registration records and random digit dialing was used.  To determine the population of 
octogenarians and centenarians currently living in residential care facilities, a list of every 
facility in the 44-county area was constructed, and each site was contacted.  A random sample of 
institutionalized octogenarians and centenarians was obtained from the list of possible participant 
from all institutions in our 44-county geographical region.  These procedures resulted in a close 
approximation to a population-based sample of 80 octogenarians (Mage = 84.3 years, SD = 2.78 
years, range = 80-90 years of age) and 244 centenarians (Mage = 100.6 years, SD = 2.04 years, 
range = 98-108 years of age).  The majority of octogenarians (66%) and centenarians (85%) were 
female.  Self-reported ethnicity for octogenarians was 82% Caucasian and 18% African-
American.  Self-reported ethnicity for centenarians was 79% Caucasian and 21% African-
American.  The average years of education obtained by octogenarians (Medu = 12.9) was higher 
than that of centenarians (Medu = 10.1).  Of the sample of octogenarians, 83.8% lived in private 
residences, 15.0% lived in assisted living facilities, and 1.3% lived in skilled nursing facilities.  
Of centenarians, 37.3% lived in a private residence, 43% resided in assisted living facilities, and 
19.7% lived in skilled nursing facilities.  Of the sample of octogenarians, 37.5% were married, 
0% were separated, 7.5% were divorced, 53.8% were widowed, and 1.3% were never married.  
Of the sample of centenarians, 4.5% were married, 0.4% were separated, 2.9% were divorced, 
87.3% were widowed, and 4.5% were never married.  The two samples were therefore 
comparable only on racial background. Independent samples t-tests revealed that the two 





The measures utilized in this study were part of a larger battery of demographic, physical, and 
cognitive assessments administered to GCS participants in phases three and four.  Specified 
below are measures considered in the present study. 
 Global Cognitive Functioning.  The Mini Mental State Examination (Folstein, Folstein, 
& McHugh, 1975) was used to assess general cognitive ability.  The MMSE contains items 
evaluating orientation, memory, concentration, language and visual skills.  The measure is well 
established and used frequently with older adults, as it can be given in many settings and requires 
only 5-10 minutes to administer.  High scores (greater or equal to 24) on the 30 items indicate 
intact cognitive functioning, whereas low scores (less than or equal to 23) indicate the presence 
of dementia.  Research on a sample of community-dwelling older adults similar to those 
participating in the present study indicated that MMSE total scores demonstrate moderate 
internal consistency (α = .62) for non-cognitively-impaired individuals and high internal 
consistency (α = .81) for individuals suffering with Alzheimer’s disease (Tombaugh, McDowell, 
Kristjansson, & Hubley, 1996).  The study also indicated that the MMSE is more specific for the 
older adult population as compared to the modified MMSE (3MS) based on the addition of the 
verbal fluency component of the MMSE.  Furthermore, research suggests that normative data for 
the MMSE exists for both urban and rural older adults from Caucasian or African-American 
backgrounds (B. A. Marcopulos, McLain, & Giuliano, 1997; B. Marcopulos & McLain, 2003).  
These clinical and research findings indicate that the MMSE is an appropriate test to assess 
global cognitive functioning in the oldest old population. 
 Memory.  The Fuld Object Memory Evaluation (Fuld, 1981) is a measure of memory 
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specifically adapted for the older adult population and standardized using older adult residents of 
skilled nursing facilities.  Unlike other memory measures that rely solely on auditory or visual 
faculties, the FOME requires the participant to utilize audition, vision, and touch.  Ten common 
objects are presented in an opaque bag, and the examinee must identify each object by touch, one 
at a time.  Next, the examinee is told to remove the object from the bag, identifying it by sight.  
The participant then returns the objects to the bag.  The examiner then implements a distractor 
verbal task.  After this task is completed, the second recall period begins in which the participant 
is required to recall as many objects from the bag as possible.  For each item forgotten, the 
examiner provides a verbal reminder.  The examinee is required to recall the items from the bag 
for four more trials, receiving these reminders and a verbal distractor task after each recall 
period.  The measure therefore provides information regarding naming by touch and sight, 
immediate recall, delayed recall, proactive and retroactive interference, and the participants’ 
ability to benefit from cueing.   
 Unlike many other memory measures, the FOME provides reliability and normative data 
for older adults (Fuld, 1981; B. A. Marcopulos et al., 1997).  Furthermore, the FOME is more 
sensitive to memory deficits and dementia than the MMSE (Mast, Fitzgerald, Steinberg, 
MacNeill, & Lichtenberg, 2001), which is commonly used to assess memory functioning in older 
adults.  Given the diverse nature of the sample in the present study, it is also important to note 
that the FOME has exceptional clinical utility for detecting memory deficits among the African-
American older adult population (Mast et al., 2001).  Furthermore, the FOME has been validated 
for older adults living in urban or rural communities or residential care facilities, individuals of 
African-American or Caucasian race (B. A. Marcopulos et al., 1997; B. Marcopulos & McLain, 
2003) and those with limited education, and those with visual impairments (Chung & S.K. Ho, 
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2009; B. A. Marcopulos et al., 1997; B. Marcopulos & McLain, 2003).  Overall, the FOME has 
shown strong psychometric qualities for the evaluation of memory in the population of older 
adults sampled in the present study. 
 Executive Functioning.  The Behavioral Dyscontrol Scale (Grigsby, Kaye, & Robbins, 
1992) is a measure of executive functioning that is dependent on motor abilities.  The scale 
evaluates the ability to perform unilateral and bilateral alternating movements, to inhibit 
movement, to sequence numbers, and to replicate body postures and movements.  High scores on 
the nine items indicate preserved executive functioning, whereas lower scores suggest impaired 
executive functioning.  Psychometric evaluation of the measure indicates that scores from the 
BDS have adequate construct validity, high interrater reliability, test-retest reliability, and 
internal consistency for both inpatient and outpatient older adults (Grigsby et al., 1992).  The 
measure is also based on a theoretical conceptualization of the relationship between executive 
functioning and frontal lobe functioning, and an extensive body of research supports this 
understanding of executive abilities (Grigsby et al., 1992).  
 Abstract Reasoning.  The Similarities subtest of the Wechsler Adult Intelligence Scale – 
Third Edition (Wechsler, 1997) was used to assess abstraction.  The participant was presented 
with two seemingly disparate concepts (ex. banana and apple) and asked to describe the 
commonality between them.  The test therefore evaluates both abstract reasoning and verbal 
abilities.  This particular subtest of the WAIS-III showed adequate reliability (r = .86) and good 
concurrent, predictive and construct validity in an age-, gender-, race- and geographic location-
stratified sample of 2,450 individuals (Wechsler, 1997). 
 Verbal Abilities.  The Multilingual Aphasia Examination Controlled Oral Word 
Association task (Benton MAE COWAT; Benton & Hamsher, 1997) was used to assess verbal 
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fluency.  Participants were required to generate as many words as possible beginning with a 
specific letter within a 60-second period.  The number of words generated was recorded.  The 
COWAT is an appropriate task for the present study given the availability of normative data for a 
different genders and education levels (Loonstra, Tarlow, & Sellers, 2001) as well as for the 
community-dwelling older adult population (Sumerall, Timmons, James, Ewing, & Oehlert, 
1997).    
 Gross Motor Functioning.  Gross upper extremity motor speed was evaluated using the 
Modified Finger Tapping Test (Reitan & Wolfson, 1993).  To complete the task, the examinee 
must place his or her hand palm-down, fingers flat and index finger extended on a finger tapping 
board.  The participant must them tap the pedal using only the index finger of one hand.  The 
number of taps achieved in a ten-second trial was recorded.  To assess upper extremity physical 
strength in the sample, manual grip strength was recorded using a handheld dynamometer 
(Reitan & Wolfson, 1993).  To evaluate lower extremity strength, the Lafayette Manual Muscle 
Test was used to track leg extension ability. 
 Fine Motor Functioning.  Manual dexterity was assessed using the grooved pegboard 
test (Reitan & Wolfson, 1993).  To complete this task, the examinee must use one hand at a time 
to pick up and place 25 pegs that are shaped like keys into a series of keyholes oriented in 
different directions.  The examinee must perform this task as quickly as possible. The time taken 
to place all 25 pegs is recorded for both the dominant and non-dominant hand. 
 Functional Status.  To evaluate basic activities of daily living (BADLs) and 
instrumental activities of daily living (IADLs), participants underwent the Direct Assessment of 
Functional Status (DAFS) (Loewenstein et al., 1989).  In this assessment, participants were 
asked to complete or act out a range of tasks relevant to their daily functioning (ex. writing a 
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check, balancing a checkbook) in seven domains: orientation to time and date, communication, 
financial skills, shopping skills, transport, dressing and grooming, and feeding ability.  An 
examiner used test criteria to judge the proficiency with which the participant completed each 
task, assigning points for each task accomplished.  A higher score out of the possible 86 points 
relates to better functional status.   Although other studies often rely on the older participant or 
his or her caregiver to assess the participant’s functional status, research suggests that both 
patients (Banerjee, Perry, Tran, & Arafat, 2010) and caregivers (Loewenstein et al., 2001) are 
poor reporters of functional status.  The DAFS allows for an operationalized assessment of basic 
and instrumental activities of daily living in this sample. 
 Sensory Functioning.  For the purposes of the present study, GCS data regarding 
participants’ vision and hearing abilities were used.   
Vision was assessed in two ways: through a standard Snellen chart and through self-
reported vision.  The Snellen chart evaluation was performed by first positioning the participant 
approximately 20 feet from the standard Snellen chart.  While wearing his or her most recent 
prescription (if required) the examinee covered one eye at a time using his or her hand.  He or 
she then read letters from each line of the chart, starting from the top and read sequentially until 
the participant made an error.  The highest line completed without errors was noted for each eye, 
as was the participant’s performance with and without corrective lenses.  The denominator of the 
Snellen chart score was utilized for analysis, indicating the distance at which people with 
accurate vision can see what the person can see at 20 feet.  All participants also completed a self-
report item in which they noted whether they had vision problems (yes/no). 
Hearing ability was also assessed through both objective and subjective methods.  The 
objective measurement was conducted by testing whether participants were able to hear 
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sequentially quieter noises (hears nothing, hears a shout, hears normal conversation, hears a 
whisper).  Participants also provided a self-reported evaluation of whether they had hearing 
problems (yes/no). 
Additional sensory data were collected and utilized for analyses.  Participants also filled 
out two self-report items about whether they had taste or smell impairments, respectively 
(yes/no). 
Procedure 
Participants were first screened for eligibility to the study.  Inclusion criteria included verified 
age-eligibility and consent to blood draw, with no exclusions.  If the participant was deemed 
appropriate for the sample, he or she was consented.    
 As the GCS required several evaluations by a multi-disciplinary team, the data collection 
team conducted all evaluations at the participant’s residence.  Data collection was conducted in 
four two-hour sessions, for which participants received $150 per session.  The first session 
consisted of providing background information about the study, obtaining written consent, 
assessing demographic, family longevity and mental status information.  The second session 
included a blood draw and physical examination.  Neuropsychological data were collected 
during the third session and physical functioning data were collected during the fourth session.  
Sensory functioning data were collected at all four sessions. 
Data Analysis 
 Before the specific aims of the study are evaluated, the data was screened. The data file 
was examined for missing data and for patterns within the missing data where it existed.  The 
data was screened for univariate outliers and any outliers discovered to have high leverage were 
deleted.  The normality of the data was assessed through an examination of the skewness and 
28  
 
kurtosis statistics, as well as through kernel density plots.  Homoscedasticity, homogeneity of 
variance, multicollinearity and singularity were also assessed.   
 Before the specific aims were addressed, descriptive statistics and frequencies were used 
to characterize octogenarians and centenarians in terms of age, race, gender, marital status, 
education, sensory functioning, neuropsychological and functional status measures.  The samples 
were compared on these background, predictor and criterion variables using either chi-square 
tests of independence, Fisher’s exact tests, or independent samples t-tests, where appropriate. 
 To address the hypotheses (a) and (d) of Specific Aim 1, the relationships between 
sensory functioning, neuropsychological performance, and functional status were examined for 
octogenarians and centenarians separately.  To assess the relationships among self-reported 
hearing ability, measured hearing ability, self-reported vision ability and Snellen chart vision 
ability, Spearman’s Rho rank-correlations were calculated.  To assess the relationships among 
neuropsychological and functional status variables, Pearson’s r correlations were calculated.  To 
assess the relationships between sensory functioning and neuropsychological performance, 
polyserial correlations were be calculated between the ordinal level self-reported and measured 
hearing, self-reported and measured vision variables and the interval level Mini-Mental State 
Examination (MMSE) Total Score, Severe Impairment Battery Total Score, Controlled Oral 
Word Association Test (COWAT) score, WAIS-III Similarities score, Behavioral Dyscontrol 
Scale (BDS) Total Score, number of hand-taps, and grip strength.  In order to isolate pure vision 
or pure auditory components of tests, individual items from the MMSE and BDS tests were also 
considered in the analysis.  Polychoric correlations were calculated to determine the relationship 
between the sensory functioning variables and these individual neuropsychological test items 
where necessary.  To assess the relationships between sensory functioning and functional status, 
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polyserial correlations were calculated between self-reported and measured hearing, self-reported 
and measured vision, and Direct Assessment of Functional Status Basic Activities of Daily 
Living (DAFS BADLs) and Instrumental Activities of Daily Living (DAFS IADLs).  
 To assess hypotheses (b) and (c) of Specific Aim 1, the aforementioned sensory-
neuropsychological and sensory-functional status correlation matrices for octogenarians and 
centenarians were compared.  To assess whether there was a significant difference between 
octogenarians and centenarians in the strength of the relationships between sensory and 
neuropsychological functioning, the correlation statistics were transformed into z-statistics via a 
Fisher’s r-to-z transformation.  These z-statistics were compared using a z-test.  These analyses 
were only performed when the individual correlations were significant for both octogenarian and 
centenarian samples. 
 Multiple regression was used to address Specific Aim 2 of the study.  To assess 
hypothesis (a) of Specific Aim 2, hierarchical regressions were constructed to predict individual 
neuropsychological and functional status performance.  Demographic variables – age, education, 
and gender – were entered on the first step of the model.  Self-reported vision, measured vision, 
self-reported hearing, and measured hearing were entered on the second step of the model.  The 





change statistic were compared.  To assess hypothesis (b) of Specific Aim 2, octogenarian and 
centenarian beta-weights for each sensory predictor were compared by assessing the overlap 
between the 95% confidence intervals for each predictor for each sample.  
Results 
 Data analyses were accomplished using PASW (version 18.0), R (version 2.11.0), and 
STATA (version 10).  Before the specific aims of the study were evaluated, the data were 
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screened for outliers in PASW.  The accuracy of the file was checked and missing data were 
analyzed.  There were several variables for which both octogenarians and centenarians were 
missing greater than 5% of the data available for a given variable: average leg strength (10.0% 
missing for octogenarians, 37.30% missing for centenarians), Snellen chart denominator (17.50% 
missing for octogenarians, 51.20% missing for centenarians), self-reported vision problems 
(15.00% missing for octogenarians, 32.40% missing for centenarians), and self-reported hearing 
problems (15.00% missing for octogenarians, 32.00% missing for centenarians).  A missing 
value analysis was conducted by dummy-coding the aforementioned variables and by comparing 
the age and education of cases with missing data to cases without missing data using independent 
samples t-tests.  For average leg strength, Snellen chart denominator, self-reported vision 
problems and self-reported hearing problems in both octogenarian and centenarian samples, 
cases with missing data were significantly older and less educated than those cases with data for 
the variables.  For measured vision, octogenarians or centenarians with missing data were less 
educated than individuals with data for the variable.  The octogenarian and centenarian samples 
were screened for univariate outliers.  Of all cases, two had univariate outliers on three different 
variables; for this reason, these cases were removed.   
 The distribution of the data was assessed by creating kernel density plots for each 
variable for octogenarians and centenarians.  The normality of the data was assessed through an 
examination of the skewness and kurtosis statistics and through generation of Q-Q plots.  A 
thorough examination of these statistics revealed that many of the neuropsychological, sensory, 
motor, and functional ability variables were skewed.  However, it is not appropriate to assume 
that these variables (scores on MMSE, for instance) would be normally distributed in the true 
population of octogenarians and centenarians.  In the sample of octogenarians, four variables 
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(MMSE Total Score, Severe Impairment Battery Score, and DAFS Basic and Instrumental 
Activities of Daily Living) showed obvious ceiling effects, and no variables showed floor 
effects.  For centenarians, no variables showed clear ceiling or floor effects.   
 Descriptive statistics and frequencies were generated for octogenarian and centenarian 
demographic variables (see Table 1), neuropsychological and functional status variables (see 
Table 2), sensory variables (see Table 3), and motor variables (see Table 4).  Octogenarians and 
centenarians were compared on these variables.  A chi-square test of independence indicated that 
the relative proportion of African-American and Caucasian participants did not differ for the 
octogenarian and centenarian groups (2(df=1) = 0.79, p = .374).  A chi-square test of 
independence indicated that there was a significantly greater proportion of male participants in 
the octogenarian group as compared to centenarian group (2(df=1) = 10.84, p <.001).  More 
octogenarians were living independently, as opposed to living in a nursing or personal care home 
(p < .001), as compared to centenarians.  More centenarians were widowed than octogenarians (p 
<.001).  An independent-samples t-test indicated that octogenarians were also more educated 
than centenarians (t(151.72) = 5.57, p <.001).  Octogenarian and Centenarian scores on all 
neuropsychological and functional status measures were compared using independent samples t-
tests.  As expected, octogenarians significantly (p < .006) outperformed centenarians on all 
cognitive and functional ability measures, even with the application of a Bonferroni correction 
for Type 1 error (see Table 2).  Fisher’s Exact Test was used to compare the proportion of 
octogenarians and centenarians reporting different types of sensory problems (vision, hearing, 
taste and smell).  With the exception of centenarians having a significantly (p < .05) greater 
proportion of olfactory impairments, there were no differences between the two groups on self-
report sensory functioning (see Table 3).  Lastly, octogenarian and centenarian gross and fine 
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motor functioning were compared using independent samples t-tests.  A Bonferroni correction 
for Type I error was applied.  As expected, octogenarians outperformed centenarians on number 
of hand-taps (t(169.79) = 8.49, p < .016), average grip strength (t(118.49) = 8.28, p < .016), and 
average leg strength (t(109.95) = 4.34, p < .016).  These results are reviewed in Table 4. 
Specific Aim 1, Hypotheses (A) and (D): The Relationships between Sensory, Motor, and 
Cognitive or Functional Outcomes 
 The first specific aim of the study was to examine the relative contributions of auditory, 
visual, and motor functioning to neuropsychological performance and functional status in 
octogenarians and centenarians, respectively.  In support of the Common Cause hypothesis, it 
was hypothesized that vision, hearing, and motor functioning would be significantly associated 
with performance across all neuropsychological measures, regardless of the modality in which 
those measures were presented (Hypothesis A).  Similarly, the Common Cause hypothesis would 
predict that vision and auditory functioning would be significantly associated with performance 
of basic and instrumental activities of daily living, regardless of the sensory modality on which 
those activities relied most (Hypothesis D).  These hypotheses were tested by generating 
different types of correlations appropriate to the levels of data being compared: ordinal level 
sensory variables were compared using Spearman’s Rho statistic; interval level 
neuropsychological and motor variables were compared using Pearson’s r statistic; interval level 
neuropsychological/motor and ordinal level sensory variables; and individual dichotomous 
neuropsychological test items and ordinal sensory variables were compared using Spearman’s 
Rho statistic.  The results of these analyses are included in Table 5 (Octogenarians) and Table 7 
(Centenarians).  
 In order to examine the impact of cross-sensory modality associations, it was necessary to 
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isolate primarily visual and primarily auditory items from neuropsychological measures.  The 
‘purest’ sensory items could be drawn from the MMSE and BDS.  From the MMSE, five items 
were selected that relied almost exclusively on hearing: the repetition of a phrase presented 
aloud, the performance of each step of a three-step command, presented aloud, and the writing of 
a sentence as per an audible command.  Scores from these items were summed to create a 
composite ‘MMSE Hearing’ variable.  Four visual items were also selected from the MMSE: the 
identification of a watch and a pencil, the reading and performance of a single-step command 
written on paper, and replication of an intersecting pentagons design on paper.  Scores from 
these items were summed to create a composite ‘MMSE Vision’ variable.  From the BDS, three 
items were selected to represent hearing ability: an item in which the participant was required to 
squeeze or not squeeze the examiner’s hands in response to oral cues, an item in which the 
participant alternated touching his or her thumb and fingers to the table as described in an 
auditory command (without visual demonstration), and an auditory alphanumeric sequencing 
task.  Scores on these items were summed to create the ‘BDS Hearing’ variable.  Scores from 
two items were summed to create the ‘BDS Vision’ variable: an item requiring participant to 
follow the examiner’s demonstration of a pattern of hand movements, and an item requiring the 
participant to replicate the facial and hand movements of the examiner.  The MMSE and BDS 
Hearing and Vision variables were then summed to create the overall Hearing Composite and 
Vision Composite, respectively.  Reliability of these constructed measures was assessed by 
calculating the alpha coefficient among summed hearing and summed vision items, respectively, 
for octogenarians and centenarians.  The reliability of the vision items was relatively low among 
the octogenarian sample ( = .631), but acceptable for centenarians ( = .772).  The reliability of 
the hearing items was similarly low among the octogenarian sample ( = .634), but good for 
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centenarians ( = .837). 
 These cross-sensory-modality measures were compared to vision, hearing, and motor 
functioning using Spearman’s Rho correlations.  The results of these analyses are included in 
Table 6 (Octogenarians) and Table 8 (Centenarians).  Bonferroni corrections for Type I error 
were applied for each individual hypothesis. 
 Octogenarians: Vision and Hearing versus Neuropsychological Total Scores and 
Functional Outcomes.  The examination of relationships between sensory functioning versus 
neuropsychological total scores and functional outcomes resulted in 32 comparisons.  Using a 
Bonferroni correction for these multiple comparisons resulted in a critical value of 1.56 e-3.  The 
Snellen chart denominator, an objective measure of vision, was significantly associated only with 
DAFS BADL scores.  Self-reported vision problems, a subjective measure of vision ability, was 
not significantly associated with any neuropsychological and functional measures.  An objective 
measure of audition was significantly positively associated with performance on the MMSE, 
COWAT, WAIS-III Similarities subtest, FOME Total Recall, BDS, SIB, and DAFS Basic and 
Instrumental Activities of Daily Living.  Self-reported hearing, a subjective measure of hearing 
ability, was not significantly associated with performance on any neuropsychological or 
functional status outcome measures.  These results are included in Table 5. 
 Octogenarians: Vision and Hearing versus Neuropsychological Modality-Specific 
Indices.  The examination of relationships between sensory functioning and vision and hearing 
composite scores resulted in 24 comparisons, resulting in a Bonferroni corrected critical value of 
2.08 e-3.  For octogenarians, no sensory measure was significantly associated with MMSE, BDS, 




 Octogenarians: Motor functioning versus Neuropsychological Total Scores and 
Functional Outcomes.  The analysis of relationships between motor functions and 
neuropsychological total scores and functional status resulted in 24 comparisons. Consequently, 
the Bonferroni corrected critical value was 2.08 e-3.  Grip strength was significantly positively 
associated with performance on the MMSE, COWAT, BDS, SIB, and DAFS Basic and 
Instrumental Activities of Daily Living.  Average leg strength was not significantly associated 
with scores on any neuropsychological or functional status measure.  Number of hand-taps was 
significantly associated with performance on all neuropsychological and functional outcome 
measures.  These results are displayed in Table 5. 
 Octogenarians: Motor Functioning versus Neuropsychological Modality-Specific 
Indices.  The examination of relationships between motor functioning and vision and hearing 
composite scores resulted in 18 comparisons, resulting in a Bonferroni corrected critical value of 
2.78 e-3.  For octogenarians, no motor measure was significantly associated with MMSE, BDS, 
or Total Vision item composites, nor MMSE, BDS or Total Auditory item composites (see Table 
6).  
 Centenarians: Vision and Hearing versus Neuropsychological Total Scores and 
Functional Outcomes.  The same 32 comparisons were completed for centenarians for 
octogenarians, resulting in a Bonferroni critical value of 1.56 e-3.  The Snellen chart 
denominator was not significantly associated with any measures of neuropsychological or 
functional outcomes.  Self-reported vision difficulty was not significantly associated with any 
measures of neuropsychological or functional outcomes.  An objective measure of auditory 
functioning was significantly positively associated with performance on all neuropsychological 
and functional outcome measures.  Self-reported hearing difficulty was not significantly 
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associated with any neuropsychological or functional outcome measures. 
 Centenarians: Hearing and Vision versus Neuropsychological Modality-Specific 
Indices.  As with octogenarians, Bonferroni corrected critical value of 2.08 e-3 was used for the 
24 centenarian comparisons evaluated.  For octogenarians, no sensory measure was significantly 
associated with MMSE, BDS, or Total Vision item composites, nor MMSE, BDS or Total 
Auditory item composites (see Table 8). 
 Centenarians: Motor functioning versus Neuropsychological Total Scores and 
Functional Outcomes.  The same 24 comparisons were completed for centenarians as for 
octogenarians. The resulting Bonferroni corrected critical value was 2.08 e-3.  Grip strength was 
significantly positively associated with performance on all neuropsychological and functional 
outcome measures.  Average leg strength was significantly associated with performance on the 
WAIS-III Similarities Subtest only.  Number of hand-taps was significantly associated with 
performance on all neuropsychological and functional outcome measures.  These results are 
included in Table 7. 
 Centenarians: Motor Functioning versus Neuropsychological Modality-Specific 
Indices.  A Bonferroni corrected critical value of 2.78 e-3 was applied to account for the 18 
comparisons completed.  Number of hand-taps was associated with the BDS Vision-Item 
Composite and BDS Hearing-Item Composite.  No other motor measure was significantly 
associated with MMSE, BDS, or Total Vision item composites, nor MMSE, BDS or Total 
Auditory item composites (see Table 8).  
 
Specific Aim 1, Hypothesis (B): Comparing the Relative Strength of Relationships between 




 Hypotheses B stated that the correlations between sensory functioning and 
neuropsychological performance or functional status would be stronger for centenarians than for 
octogenarians, indicating advanced common cause impairment in the older sample.  This 
hypothesis was tested by comparing the correlations associated with the significant relationships 
noted above for centenarians versus octogenarians using a Fisher’s r-to-z transformation and 
subsequent z-test.  These comparisons were completed only if the octogenarian or centenarian 
correlation coefficient for the relationship between a sensory and a neuropsychological or 
functional status variable was significant.  None of the correlations between sensory, motor, and 
neuropsychological/functional status outcome variables were significantly (p < .05) different for 
centenarians versus octogenarians. 
Specific Aim 1, Hypothesis (C): Comparing the Relative Strength of Relationships between 
Sensory, Motor and Neuropsychological Modality-Specific Indices for Octogenarians and 
Centenarians 
 Hypothesis C of Specific Aim 1 stated that the cross-sensory-modality correlations would 
be higher for centenarians than for octogenarians, again demonstrating evidence for the age-
related progression of an underlying common pathology impacting both systems.  To examine 
this hypothesis, significant octogenarian and centenarian cross-sensory modality associations 
(measured hearing vs. visual-primary composites, self-reported hearing vs. visual-primary 
composites, measured vision vs. auditory-primary composites, and self-reported vision vs. 
auditory-primary composites) were to be compared using a Fisher’s r-to-z transformation and 
subsequent z-test.  However, there were no significant cross-sensory-modality associations to be 




Specific Aim 2, Hypothesis (A): The Incremental Predictive Value of Sensory Functioning 
on Cognitive and Functional Outcomes 
 Hypothesis A stated that sensory functioning variables would account for incremental 
variance in performance on cognitive measures, beyond variance accounted for by demographic 
predictors.  This hypothesis was examined by performing two hierarchical regressions in which 
age, gender, and years of education completed were entered on the first step, and sensory 
variables were entered on the second step.  In the first model comparison, the amount of variance 
accounted for by demographic predictors was compared to that accounted for by measured 
sensory functioning. The second step included the Snellen chart denominator score and measured 
hearing acuity.  In the second model comparison, the amount of variance accounted for by 
demographic predictors was compared to that accounted for by self-reported sensory functioning. 
The second step included self-reported vision, hearing, taste and smell difficulty.  For significant 
model comparisons, the beta-weights of individual predictors were examined to assess which 
predictors accounted for significant portions of variance in neuropsychological and functional 
outcomes.  Hierarchical regressions were run separately for octogenarians and centenarians. 
 MMSE Total Score.  For octogenarians, neither the model comparing the predictive 
ability of demographic variables and measured hearing and vision variables, nor the model 
comparing the predictive ability of demographic variables and self-reported sensory functioning 
variables was significant (p < .05).  For centenarians, the model including measured vision and 
hearing resulted in significantly more variance in MMSE scores accounted for than the model 
including demographic variables alone (R
2
 change = .064, F change = 6.60, p < .01).  An 
examination of the beta-weights of predictors in the hierarchical model indicated that age (-
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weight = -.245, p < .01), education (-weight = .347, p < .001), and measured hearing acuity (-
weight = .221, p < .01) accounted for significant portions of variance in MMSE scores. These 
results are depicted in Table 10.  The model comparing the predictive ability of demographic 
variables and self-reported sensory functioning variables was not significant (p < .05), as shown 
in Table 11.  
 COWAT Total Score.  For octogenarians, neither the model comparing the predictive 
ability of demographic variables and measured hearing and vision variables, nor the model 
comparing the predictive ability of demographic variables and self-reported sensory functioning 
variables was significant (p < .05).  For centenarians, the model including measured vision and 
hearing resulted in significantly more variance in COWAT scores accounted for than the model 
including demographic variables alone (R
2
 change = .043, F change = 3.97, p < .05).  An 
examination of the beta-weights of predictors in the hierarchical model indicated that education 
(-weight = .398, p < .001), and measured hearing acuity (-weight = .178, p < .05) accounted 
for significant portions of variance in COWAT scores.  These results are included in Table 12.  
The model comparing the predictive ability of demographic variables and self-reported sensory 
functioning variables was not significant (p < .05), as depicted in Table 13. 
 WAIS-III Similarities Subtest Score.  For octogenarians, the model including measured 
vision and hearing resulted in significantly more variance in WAIS-III Similarities score 
accounted for than the model including demographic variables alone (R
2
 change = .056, F 
change = 3.33, p < .05).  An examination of the beta-weights of predictors in the hierarchical 
model indicated that education (-weight = .564, p < .001), and measured hearing acuity (-
weight = .250, p < .05) accounted for significant portions of variance in WAIS-III Similarities 
scores.  The model comparing the predictive ability of demographic variables and self-reported 
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sensory functioning variables was not significant (p < .05).  For centenarians, the model 
including measured vision and hearing resulted in significantly more variance in WAIS-III 
Similarities score accounted for than the model including demographic variables alone (R
2
 
change = .063, F change = 6.88, p < .01).  An examination of the beta-weights of predictors in 
the hierarchical model indicated that gender (-weight = -.142, p < .05), education (-weight = 
.522, p < .001), Snellen denominator (-weight = -.203, p < .01) and measured hearing acuity (-
weight = .137, p < .05) accounted for significant portions of variance in WAIS-III Similarities 
scores.   These results are shown in Table 14.  The model comparing the predictive ability of 
demographic variables and self-reported sensory functioning variables was not significant (p < 
.05), as shown in Table 15. 
 BDS Total Score.  For octogenarians, neither the model comparing the predictive ability 
of demographic variables and measured hearing and vision variables, nor the model comparing 
the predictive ability of demographic variables and self-reported sensory functioning variables 
was significant (p < .05).  For centenarians, the model including measured vision and hearing 
resulted in significantly more variance in BDS scores accounted for than the model including 
demographic variables alone (R
2
 change = .077, F change = 7.48, p < .01).  An examination of 
the beta-weights of predictors in the hierarchical model indicated that age (-weight = -.230, p < 
.01), education (-weight = .295, p < .001), and measured hearing acuity (-weight = .232, p < 
.01) accounted for significant portions of variance in BDS scores.   These results are included in 
Table 16.  The model comparing the predictive ability of demographic variables and self-
reported sensory functioning variables was not significant (p < .05), as shown in Table 17. 
 FOME Total Recall Score.  For octogenarians, the model including measured vision and 
hearing resulted in significantly more variance in FOME Total Recall score accounted for than 
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the model including demographic variables alone (R
2
 change = .144, F change = 6.45, p < .01).  
An examination of the beta-weights of predictors in the hierarchical model indicated that Snellen 
chart denominator (-weight = -.344, p < .01), and measured hearing acuity (-weight = .229, p 
< .05) accounted for significant portions of variance in FOME Total Recall score.  The model 
comparing the predictive ability of demographic variables and self-reported sensory functioning 
variables was not significant (p < .05).  For centenarians, the model including measured vision 
and hearing resulted in significantly more variance in FOME Total Recall score accounted for 
than the model including demographic variables alone (R
2
 change = .177, F change = 6.89, p < 
.01).  An examination of the beta-weights of predictors in the hierarchical model indicated that 
education (-weight = .208, p < .01) and measured hearing acuity (-weight = .248, p < .01) 
accounted for significant portions of variance in FOME Total Recall scores.  These results are 
depicted in Table 18.  The model including self-reported vision and hearing resulted in 
significantly more variance in FOME Total Recall score accounted for than the model including 
demographic variables alone (R
2
 change = .072, F change = 4.31, p < .05).  An examination of 
the beta-weights of predictors in the hierarchical model indicated that age (-weight = -.204, p < 
.01), education (-weight = .237, p < .001) and self-reported hearing problems (-weight = .166, 
p < .05) accounted for significant portions of variance in FOME Total Recall scores.  These 
findings are included in Table 19. 
 SIB Total Score.  For octogenarians, neither the model comparing the predictive ability 
of demographic variables and measured hearing and vision variables, nor the model comparing 
the predictive ability of demographic variables and self-reported sensory functioning variables 
was significant (p < .05).  Similarly, for centenarians, neither the model comparing the predictive 
ability of demographic variables and measured hearing and vision variables, nor the model 
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comparing the predictive ability of demographic variables and self-reported sensory functioning 
variables was significant (p < .05).  Results of these analyses are included in Tables 20 and 21, 
respectively. 
 DAFS Instrumental Activities of Daily Living.  For octogenarians, neither the model 
comparing the predictive ability of demographic variables and measured hearing and vision 
variables, nor the model comparing the predictive ability of demographic variables and self-
reported sensory functioning variables was significant (p < .05).  For centenarians, the model 
including measured vision and hearing resulted in significantly more variance in DAFS IADL 
scores accounted for than the model including demographic variables alone (R
2
 change = .099, F 
change = 10.10, p < .001).  An examination of the beta-weights of predictors in the hierarchical 
model indicated that age (-weight = -.223 p < .01), gender (-weight = -.166, p < .05), 
education (-weight = .324, p < .001), Snellen denominator score (-weight = -.186, p < .05), 
and measured hearing acuity (-weight = .246, p < .01) accounted for significant portions of 
variance in DAFS IADL scores.   These results are included in Table 22.  The model comparing 
the predictive ability of demographic variables and self-reported sensory functioning variables 
was not significant (p < .05), as shown in Table 23. 
 DAFS Basic Activities of Daily Living.  For octogenarians, neither the model comparing 
the predictive ability of demographic variables and measured hearing and vision variables, nor 
the model comparing the predictive ability of demographic variables and self-reported sensory 
functioning variables was significant (p < .05).  For centenarians, the model including measured 
vision and hearing resulted in significantly more variance in DAFS BADL scores accounted for 
than the model including demographic variables alone (R
2
 change = .043, F change = 3.55, p < 
.05).  An examination of the beta-weights of predictors in the hierarchical model indicated that 
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age (-weight = -.235, p < .01), education (-weight = .202, p < .05), and Snellen denominator 
score (-weight = -.158, p < .05) accounted for significant portions of variance in DAFS BADL 
scores.   These findings are summarized in Table 24.  The model comparing the predictive ability 
of demographic variables and self-reported sensory functioning variables was not significant (p < 
.05), as indicated in Table 25. 
 Total Vision Composite.  For octogenarians, neither the model comparing the predictive 
ability of demographic variables and measured hearing and vision variables, nor the model 
comparing the predictive ability of demographic variables and self-reported sensory functioning 
variables was significant (p < .05).  This finding is depicted in Table 26.  Similarly, for 
centenarians, neither the model comparing the predictive ability of demographic variables and 
measured hearing and vision variables, nor the model comparing the predictive ability of 
demographic variables and self-reported sensory functioning variables was significant (p < .05).  
This finding is depicted in Table 27. 
 Total Hearing Composite.  For octogenarians, neither the model comparing the 
predictive ability of demographic variables and measured hearing and vision variables, nor the 
model comparing the predictive ability of demographic variables and self-reported sensory 
functioning variables was significant (p < .05).  This finding is depicted in Table 28.  Similarly, 
for centenarians, neither the model comparing the predictive ability of demographic variables 
and measured hearing and vision variables, nor the model comparing the predictive ability of 
demographic variables and self-reported sensory functioning variables was significant (p < .05).  
This finding is depicted in Table 29. 
 A summary of significant demographic and sensory predictors for each criterion measure 




Specific Aim 2, Hypothesis (B): The Incremental Predictive Value of Motor Functioning on 
Cognitive and Functional Outcomes 
 Hypothesis B stated that motor functioning variables would account for incremental 
variance in performance on cognitive measures, beyond variance accounted for by demographic 
predictors.  This hypothesis was examined by performing a hierarchical regression in which age, 
gender, and years of education completed were entered on the first step, and number of hand-
taps, average grip strength, and average leg strength variables were entered on the second step. 
For significant model comparisons, the beta-weights of individual predictors were examined to 
assess which predictors accounted for significant portions of variance in neuropsychological and 
functional outcomes.  Hierarchical regressions were run separately for octogenarians and 
centenarians. 
 MMSE Total Score.  For octogenarians, the model including motor functioning 
variables resulted in significantly more variance in MMSE score accounted for than the model 
including demographic variables alone (R
2
 change = .332, F change = 14.08, p < .001).  An 
examination of the beta-weights of predictors in the hierarchical model indicated that gender (-
weight = .224, p < .05), number of hand-taps (-weight = .458, p < .001), and average grip 
strength (-weight = .414, p < .001) accounted for significant portions of variance in MMSE 
scores.   For centenarians, the model including motor functioning measures resulted in 
significantly more variance in MMSE score accounted for than the model including demographic 
variables alone (R
2
 change = .355, F change = 42.18, p < .001).  An examination of the beta-
weights of predictors in the hierarchical model indicated that education (-weight = .167, p < 
.01), number of hand-taps (-weight = .573, p < .001), and average grip strength (-weight = 
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.181, p < .01) accounted for significant portions of variance in MMSE scores.   These findings 
are presented in Table 30. 
 COWAT Score.  For octogenarians, the model including motor functioning variables 
resulted in significantly more variance in COWAT score accounted for than the model including 
demographic variables alone (R
2
 change = .291, F change = 11.79, p < .001).  An examination of 
the beta-weights of predictors in the hierarchical model indicated that education (-weight = 
.298, p < .01), number of hand-taps (-weight = .484, p < .001), and average grip strength (-
weight = .324, p < .01) accounted for significant portions of variance in COWAT score.   For 
centenarians, the model including motor functioning measures resulted in significantly more 
variance in COWAT score accounted for than the model including demographic variables alone 
(R
2
 change = .269, F change = 23.68, p < .001).  An examination of the beta-weights of 
predictors in the hierarchical model indicated that education (-weight = .241, p < .001), number 
of hand-taps (-weight = .500 p < .001), and average grip strength (-weight = .155, p < .05) 
accounted for significant portions of variance in COWAT scores.  These findings are presented 
in Table 31. 
 WAIS-III Similarities Subtest Score.  For octogenarians, the model including motor 
functioning variables resulted in significantly more variance in WAIS-III Similarities score 
accounted for than the model including demographic variables alone (R
2
 change = .109, F 
change = 4.46, p < .01).  An examination of the beta-weights of predictors in the hierarchical 
model indicated that education (-weight = .509, p < .001) and number of hand-taps (-weight = 
.341, p < .01) accounted for significant portions of variance in Similarities score.   For 
centenarians, the model including motor functioning measures resulted in significantly more 





 change = .142, F change = 11.92, p < .001).  An examination of the beta-
weights of predictors in the hierarchical model indicated that education (-weight = .430, p < 
.001), number of hand-taps (-weight = .307, p < .001), and average leg strength (-weight = 
.191, p < .01) accounted for significant portions of variance in WAIS-III Similarities score.  
These findings are depicted in Table 32. 
 BDS Total Score.  For octogenarians, the model including motor functioning variables 
resulted in significantly more variance in BDS score accounted for than the model including 
demographic variables alone (R
2
 change = .313, F change = 14.04, p < .001).  An examination of 
the beta-weights of predictors in the hierarchical model indicated that gender (-weight = .221, p 
< .05), education (-weight = .214, p < .05), number of hand-taps (-weight = .375, p < .001), 
and average grip strength (-weight = .478, p < .001) accounted for significant portions of 
variance in BDS score.   For centenarians, the model including motor functioning measures 
resulted in significantly more variance in BDS score accounted for than the model including 
demographic variables alone (R
2
 change = .372, F change = 40.72, p < .001).  An examination of 
the beta-weights of predictors in the hierarchical model indicated that number of hand-taps (-
weight = .589, p < .001), and average leg strength (-weight = .202, p < .01) accounted for 
significant portions of variance in BDS score.  These findings are depicted in Table 33. 
 FOME Total Recall Score.  For octogenarians, the model including motor functioning 
variables resulted in significantly more variance in FOME Total Recall score accounted for than 
the model including demographic variables alone (R
2
 change = .239, F change = 7.70, p < .001).  
An examination of the beta-weights of predictors in the hierarchical model indicated that number 
of hand-taps (-weight = .414, p < .01) and average grip strength (-weight = .283, p < .05) 
accounted for significant portions of variance in FOME Total Recall score.   For centenarians, 
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the model including motor functioning measures resulted in significantly more variance in 
FOME Total Recall score accounted for than the model including demographic variables alone 
(R
2
 change = .290, F change = 22.45, p < .001).  An examination of the beta-weights of 
predictors in the hierarchical model indicated that number of hand-taps (-weight = .522, p < 
.001), and average grip strength (-weight = .158, p < .05) accounted for significant portions of 
variance in FOME Total Recall score.  These findings are shown in Table 34. 
 SIB Total Score.  For octogenarians, the model including motor functioning variables 
resulted in significantly more variance in SIB score accounted for than the model including 
demographic variables alone (R
2
 change = .386, F change = 14.69, p < .001).  An examination of 
the beta-weights of predictors in the hierarchical model indicated that number of hand-taps (-
weight = .526, p < .001), and average grip strength (-weight = .398, p < .01) accounted for 
significant portions of variance in SIB score.   For centenarians, the model including motor 
functioning measures resulted in significantly more variance in SIB score accounted for than the 
model including demographic variables alone (R
2
 change = .386, F change = 45.07, p < .001).  
An examination of the beta-weights of predictors in the hierarchical model indicated that 
education (-weight = .138, p < .05), number of hand-taps (-weight = .633, p < .001), and 
average grip strength (-weight = .134, p < .05) accounted for significant portions of variance in 
SIB score.  These findings are shown in Table 35. 
 DAFS Instrumental Activities of Daily Living.  For octogenarians, the model including 
motor functioning variables resulted in significantly more variance in DAFS IADL score 
accounted for than the model including demographic variables alone (R
2
 change = .341, F 
change = 14.88, p < .001).  An examination of the beta-weights of predictors in the hierarchical 
model indicated that gender (-weight = .271, p < .05), number of hand-taps (-weight = .434, p 
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< .001), and average grip strength (-weight = .445, p < .001) accounted for significant portions 
of variance in DAFS IADL score.   For centenarians, the model including motor functioning 
measures resulted in significantly more variance in DAFS IADL score accounted for than the 
model including demographic variables alone (R
2
 change = .292, F change = 27.94, p < .001).  
An examination of the beta-weights of predictors in the hierarchical model indicated that 
education (-weight = .161, p < .05), number of hand-taps (-weight = .479, p < .001), and 
average grip strength (-weight = .214, p < .01) accounted for significant portions of variance in 
DAFS IADL score.  These findings are indicated in Table 36. 
 DAFS Basic Activities of Daily Living.  For octogenarians, the model including motor 
functioning variables resulted in significantly more variance in DAFS BADL score accounted for 
than the model including demographic variables alone (R
2
 change = .418, F change = 16.22, p < 
.001).  An examination of the beta-weights of predictors in the hierarchical model indicated that 
number of hand-taps (-weight = .581, p < .001), and average grip strength (-weight = .381, p < 
.01) accounted for significant portions of variance in DAFS BADL score.   For centenarians, the 
model including motor functioning measures resulted in significantly more variance in DAFS 
BADL score accounted for than the model including demographic variables alone (R
2
 change = 
.400, F change = 38.90, p < .001).  An examination of the beta-weights of predictors in the 
hierarchical model indicated that number of hand-taps (-weight = .593, p < .001), and average 
grip strength (-weight = .209, p < .01) accounted for significant portions of variance in DAFS 
BADL score.  These findings are indicated in Table 37. 
 Total Vision Composite.  For octogenarians, the model comparing the predictive ability 
of demographic variables and motor functioning variables was not significant at the p < .05 level.  
Similarly, for centenarians, the model comparing the predictive ability of demographic variables 
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and motor functioning variables was not significant (p < .05).  These findings are presented in 
Table 38. 
 Total Hearing Composite.  For octogenarians, the model comparing the predictive 
ability of demographic variables and motor functioning variables was not significant at the p < 
.05 level.  Similarly, for centenarians, the model comparing the predictive ability of demographic 
variables and motor functioning variables was not significant (p < .05).  These findings are 
presented in Table 39. 
 A summary of significant demographic and sensory predictors for each criterion measure 
is presented in Tables 42 (octogenarians) and 43 (centenarians). 
 
Specific Aim 2, Hypothesis (C): A Comparison of the Relative Amount of Variance 
Accounted for by Sensory and Motor Predictors for Octogenarians and Centenarians 
 Hypothesis (C) stated that the amount of incremental variance accounted for in 
neuropsychological or functional status outcomes by both sensory and motor variables would be 
greater for centenarians than for octogenarians.  To address this hypothesis, appropriate 
comparisons were first identified. If the sensory or motor predictor did not account for a 
significant proportion of variance in the neuropsychological or functional status outcomes for 
either octogenarians or centenarians, a comparison was not completed.  Octogenarian and 
centenarian b-weights for the individual predictor variables were compared by creating 
confidence intervals around each b-weight and comparing the overlap of these confidence 
intervals.  Those b-weights that did not overlap were considered significantly different at the p < 
.05 level. 
 The results of these analyses revealed that no sensory variables accounted for more 
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variance in neuropsychological or functional status outcomes in the sample of centenarians 
versus octogenarians at the p < .05 level of significance.  Similarly, no motor variables accounted 
for more variance in neuropsychological or functional status measures in the sample of 
centenarians versus octogenarians at the p < .05 level of significance.  There was only one 
predictor that significantly (p < .05) predicted more variance in centenarian versus octogenarian 
outcomes: education predicted more variance in centenarian Severe Impairment Battery scores 
than in octogenarian SIB scores. 
Discussion 
 Hypothesis A of Specific Aim 1 was supported in that correlations revealed significant 
relationships between measured visual acuity and neuropsychological scores/functional status, 
and measured hearing acuity and neuropsychological performance/functional status for 
octogenarians, and between measured hearing acuity and neuropsychological scores/functional 
status for centenarians.  More specifically, the results of the analyses suggest that, for both 
octogenarians and centenarians, hearing ability shows a more consistent relationship with the 
late-life cognitive and functional outcomes assessed than vision ability.  Furthermore, findings 
indicate that, for older adults, measured sensory functioning is consistently related to the 
performance of neuropsychological and functional tasks, whereas self-reported sensory problems 
are not.   Hypothesis D of Specific Aim 1 was also supported in that correlations revealed 
significant relationships between average grip strength and neuropsychological scores/functional 
status, and relationships between number of hand-taps and neuropsychological scores/functional 
status for octogenarians.  For centenarians, findings revealed significant relationships between 
average grip strength and neuropsychological/functional outcomes, average leg strength and 
neuropsychological/functional outcomes, and number of hand-taps and 
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neuropsychological/functional outcomes.  These findings indicate that, despite the fact that many 
neuropsychological tests have little or no motor component, motor functioning shares a 
significant relationship between the cognitive and functional abilities in late-life that were 
evaluated.  There was also a significant relationship between number of hand-taps and BDS 
vision and hearing composite scores for centenarians. However, this relationship is likely an 
artifact of the nature of the composites, as hand movement is a pre-requisite for performing many 
BDS items.  Generally, the support of these hypotheses provides evidence for a common 
underlying liability for sensory, neuropsychological, functional, and motor decline across the 
lifespan.   
 Specific Aim 1, Hypotheses B and C addressed the idea that the common cause that 
drives changes in all of the aforementioned functions increases in influence across the lifespan, 
causing greater co-variation between these functions with increasing age.  These hypotheses 
were not supported in the data, suggesting that the underlying common cause does not produce 
more influence over sensory, neuropsychological, functional and motor abilities with increased 
age. 
 Specific Aim 2, Hypothesis A assessed whether the inclusion of sensory variables as well 
as commonly-utilized demographic variables in predictive models of neuropsychological or 
functional performance resulted in more variance in these outcomes accounted for.  For 
octogenarians, the hypothesis was not supported, with only Similarities and DAFS IADL being 
better accounted for with the inclusion of measured sensory variables. However, the hypothesis 
was supported consistently across all neuropsychological and functional status outcomes for 
centenarians, with the exception of scores on the Severe Impairment Battery.  This pattern of 
results provides strong evidence for the idea that sensory, cognitive and functional outcomes are 
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more strongly linked with increasing age, and that sensory functions constitute important 
predictors of late-life outcomes.  More specifically, measured sensory functioning accounted for 
more variance in cognitive and functional outcomes than self-reported sensory problems.  Also, 
hearing ability (whether measured or self-reported) accounted for more variance in late-life 
outcomes than vision ability.  These findings present two important considerations in the 
understanding of the common cause hypothesis.  While objective measured sensory functioning 
appears to co-vary with late-life neuropsychological performance or performance of activities of 
daily living, self-reported or subjective sensory functioning is either inaccurate or insufficient to 
do so.  This point is important because it undermines the argument that the common cause 
hypothesis could be explained by the older adults’ generalization of perceived problems across 
multiple domains.  In other words, if memory is poorer than it was at a younger age, balance, 
hearing and vision are also likely to be worse than they were at a younger age.  Also, among 
sensory functions, hearing appears to share a stronger relationship with cognitive functions and 
functional abilities than vision.  This point may provide an intimation of the neurological 
substrate of the common cause. It is possible that the stronger link between hearing and cognitive 
functions occurs as the result of pathology in shared neurological networks or structures.  It is 
important to note that neither measured nor self-reported sensory functions were related to the 
hearing or vision composite measures from the BDS, MMSE, or to the combined hearing or 
vision composites.  This finding may relate more to the way that the composites were 
constructed than to a true phenomenon, as the items that were chosen as vision- or hearing-
primary were chosen via ‘common sense’ rather than in an empirical manner.  Finally, this 
finding may also relate to the fact that instructions for most of the measures used in this study 
have a predominately auditory-verbal component. 
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 Specific Aim 2, Hypothesis B was designed to provide differential evidence for the 
common cause hypothesis or the sensory deprivation hypothesis.  It was hypothesized that the 
predictive model of neuropsychological and functional status scores including motor functioning 
variables would account for significantly more variance than the model including only 
demographic variables. This finding would provide evidence for an underlying common 
neurological cause driving changes in all three late-life outcomes.  Conversely, it was expected 
that, if the predictive model including motor functioning variables did not account for 
incremental variance in outcomes as compared to the demographic model, the sensory 
deprivation hypothesis would be supported.  The results of the analyses illustrate a strong and 
consistent pattern of motor functioning accounting for significant variance above and beyond 
that accounted for by demographic predictors for both octogenarians and centenarians, across all 
neuropsychological and functional status outcomes.  More specifically, number of hand-taps and 
average grip strength appear to best predict late-life outcomes. Conversely, these functions can 
be viewed as more sensitive to the neurological pathology related that constitutes the common 
cause.  Again, motor functioning predictive models did not account for incremental variance in 
BDS, MMSE, or combined vision or hearing composites.  As mentioned above, it is believed 
that this null finding is due to the construction of the composites, rather than being a reflection of 
a true phenomenon. 
 Specific Aim 2, Hypothesis C also attempted to address the temporal progression of the 
common cause. It suggested that sensory and motor predictors would account for significantly 
more variance in neuropsychological and functional status outcomes for centenarians than for 
octogenarians.  This hypothesis was not supported in the data. 
 The findings of the current study fit with current literature highlighting the ability of 
54  
 
demographic factors to predict important late-life outcomes such as cognitive abilities and 
functional status.  Education significantly predicted general cognitive functioning, verbal 
fluency, abstract reasoning, executive functioning and gross motor functioning, as well as 
performance of instrumental activities of daily living in the sample of octogenarians.  Education 
also predicted the same variables in centenarians, as well as memory and performance of basic 
activities of daily living.  These findings are commensurate with evidence suggesting that, 
throughout the lifespan, education is an important predictor of general (Farmer et al., 1995) and 
specific (Ardila et al., 2000; Carret et al., 2005) cognitive functions.  Age constituted a 
significant predictor of executive functioning and performance of instrumental activities of daily 
living in octogenarians, and of general cognitive functioning, verbal fluency, executive 
functioning, memory, and performance of instrumental and basic activities of daily living in 
centenarians, when compared in a model also including sensory predictors.  However, age did 
not significantly predict any late-life outcomes, when compared in the predictive model 
containing motor functioning variables, also.  Contrary to findings about the importance of age 
and education in predicting cognitive and functional outcomes, the evidence for the importance 
of gender as a demographic predictor was limited in the current study.  This finding is contrary to 
research supporting the importance of gender in dictating inter-individual differences in 
cognitive and functional trajectories across the lifespan (van Exel et al., 2001; Jorm et al., 2004; 
Proust-Lima et al., 2008).  Evidence from recent large-scale longitudinal studies asserted the 
hypothesis that the covariation between demographic factors (and therefore the relative 
importance of factors such as age, education, and gender) decreases across the lifespan 
(Karlamanga et al., 2009).  This finding was not supported in the current study. Instead, it 
appears that the relative importance of both age and education increase across the lifespan, such 
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that these factors were significant predictors of a wider array of outcomes in the centenarian 
sample than in the octogenarian sample. 
 The conclusions of the current study are also consistent with literature describing the 
relationship between sensory functioning and cognitive or functional outcomes. Commensurate 
with findings from Krach & Velkoff (1999), Brennan et al. (2006), and Raina, Wong & 
Massfeller (2004), sensory abilities significantly predicted performance of basic ADLs in 
octogenarians and both basic and instrumental ADLs in centenarians.  Furthermore, as suggested 
in the literature (Reuben et al., 1999; Raina et al., 2004; Brennan et al., 2006), measured or self-
reported vision most consistently constituted a significant predictor of functional outcomes in the 
current study.  The finding of the current study that sensory functions significantly predicted 
general cognitive functioning and functioning in specific cognitive domains also fits with 
research from Li & Lindenberger (2002) and Tay et al. (2006), two examinations of covariation 
of sensory and cognitive abilities across the lifespan. 
 Generally, the findings of the current study provide strong evidence that 
neuropsychological functioning, functional status, sensory and motor abilities co-vary in late-
life, and that this co-variation is best explained by the common cause hypothesis rather than the 
competing sensory-deprivation hypothesis.  This finding is illustrated by the relationship 
between sensory and cognitive functioning/functional status, but further bolstered by the findings 
highlighting the relationship between motor and cognitive/functional status outcomes.  If sensory 
problems simply limited information input and therefore limited opportunities for cognitive 
stimulation, motor functioning would not be linked to cognitive functioning in any way and the 
covariation between cognitive and sensory abilities in octogenarians and centenarians might 
reflect the sensory deprivation hypothesis. However, given that grip strength and hand-tapping 
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significantly predicted a range of cognitive and functional outcomes, strong evidence is provided 
to support the presence of a common neurological cause driving deterioration in all three 
abilities.  While the current study provides evidence supporting Baltes and Lindenberger’s 
(1992) fundamental theory of cognitive aging, it did not provide evidence for the authors’ idea 
that the common neurological cause responsible for changes in different functions progresses 
with aging, causing stronger co-variation between these functions with advancing age.  With the 
exception of the finding that sensory predictors accounted for significant variance in cognitive 
and functional outcomes beyond that accounted for by demographic predictor for centenarians, 
but not for octogenarians, there was little evidence for this proposal.  It is possible that the age-
ranges in the study did not provide a large enough range for this component of the theory to be 
adequately assessed. The presence of ceiling and floor effects and the smaller octogenarian 
sample size may also have limited the ability to thoroughly evaluate this theory. 
 The results of the current study are commensurate with much of the work of the Baltes 
and Lindenberger laboratories, from which the common cause hypothesis originated.  Although 
the amount of variance in cognitive abilities accounted for by sensory functioning was more 
substantial in the BASE I and II studies than in the current study, this may be related to the fact 
that variance shared between sensory and demographic predictors was partialled out in our study.  
The second BASE study also presented the idea that the co-variation between abilities increases 
across the lifespan, a finding not supported by this study.  However, the age range of samples 
utilized in the former study was much broader (young adults, middle-aged adults, and older 
adults), increasing the likelihood of finding differences. 
 An important clinical implication of this study is the identification of neuropsychological 
measures that are not impacted by sensory dysfunction.  It appears that most neuropsychological 
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measures are not associated with vision impairments for either octogenarians or centenarians, 
meaning that these measures may still be valid for the broad age range of older adults with low 
vision.  Conversely, all neuropsychological tests were significantly associated with hearing 
functioning.  This finding highlights the importance of measuring sensory functioning and 
particularly auditory ability before beginning a neuropsychological battery.  In light of the 
support provided by this study for the common cause hypothesis, this finding also suggests that 
deficits on cognitive and functional measures due to hearing dysfunction cannot be simply 
corrected using a hearing aid. 
 There were several limitations associated with the current study.  While the GCS data are 
extremely rich and unique in that they describe a large sample of centenarians, the age range of 
the two samples was also limited to older adults rather than sampling across a wider life span.  
For this reason, one cannot examine cognitive differences over the entire age span.  This 
restricted age range limits the ability to thoroughly evaluate the Baltes & Lindenberger proposal 
of increased sensory and cognition covariation with advancing age.  This limitation may account 
for the few differences in conclusions from this study versus the original BASE I and II studies.  
Furthermore, the current study utilized a cross-sectional subset of the complete GCS data, rather 
than using data from multiple time points.  Future studies should utilize the paradigm of the 
current study to compare the impact of sensory functioning on late-life cognitive domains above 
and beyond the variance accounted for by more commonly utilized demographic variables, using 
a wider age range for cross-sectional study or, more ideally, a longitudinal design that follows 
the same individuals across time. 
 A second limitation of the data was that the neuropsychological tests used were all of 
mixed-sensory-modality, meaning that it was difficult to isolate items from these measures that 
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relied on vision or hearing, exclusively.  This limitation made construction of the auditory and 
visual composite measures more difficult, though this process was not without its own 
limitations.  These measures were constructed in an attempt to isolate items across 
neuropsychological measures that fell clearly within one sensory modality or another. However, 
because few, if any, of these items existed, composites were constructed using a ‘common sense’ 
assessment of which items appeared to rely on one sense over another.  Future studies should 
utilize a neuropsychological battery including nonverbal, non-auditory tests as well as tests that 
are solely auditory.   
 Lastly, it is important to note that, while the current study findings provide evidence for 
the common cause hypothesis, these conclusions do not necessarily negate the sensory 
deprivation hypothesis, as the two hypotheses are not mutually exclusive or exhaustive.  It is 
likely that the combination of sensory underload and a common neuropathology might account 
for the covariation in sensory and cognitive abilities in late-life.  Future research should focus on 
determining the proportion of shared variance in neuropsychological, functional and sensory 
abilities accounted for by the common cause versus sensory deprivation at different points 
throughout the lifespan.  A unique strength of this study was that the impact of differing levels of 
sensory functioning was investigated.  This research should be continued in the future by 
examining differing levels of simulated sensory functioning.  This research can provide 
important information that will inform not only general knowledge of age-related changes, but 








Octogenarian and Centenarian Sample Characteristics 
 
 
  Octogenarians (N = 78) Centenarians (N = 244)   
  M(SD) # (%) M(SD) # (%)  p 
Age (years) 84.29 (2.80)  100.58 (2.04)    
Gender     
χ²(df=1) = 
10.841 <.001 
Male  25 (32.05)  37 (15.16)   
Female  53 (67.95)  207 (84.83)   
Race     
χ²(df=1) = 
0.791 .374 
White  65 (83.33)  192 (78.69)   
African-
American  13 (16.67)  52 (21.31)   
Living 
Arrangement      <.001 
Private 
Residence  67 (85.90)  91 (37.30)   
Nursing Home  10 (12.82)  105 (43.03)   
Personal Care 
Home  1 (1.28)  48 (19.67)   
Marital Status      <.001 
Currently 
Married  30 (38.46)  11 (4.51)   
Separated  0 (0.00)  1 (0.41)   
Divorced  6 (7.69)  7 (2.87)   
Widowed  4 (5.13)  213 (87.30)   
Never Married  1 (1.28)  11 (4.51)   
Education 
(years 




Descriptive Statistics for Neuropsychological and Functional Data 
  Octogenarians Centenarians t df p 
  M (SD) M (SD)       
MMSE Total 
Score 25.03 (7.15) 16.20 (8.81) 8.95 158.14 <.001 
GDRS Total Score 2.35 (1.27) 4.05 (1.68) -9.47 172.4 <.001 
COWAT Total 
Score 8.08 (4.73) 3.95 (3.61) 7.01 106.53 <.001 
WAIS Similarities 
Subtest Score 15.59 (8.62) 7.08 (8.03) 7.691 123.71 <.001 
BDS Total Score 15.14 (5.31) 8.26 (6.54) 9.31 161.49 <.001 
FOME Total 
Recall Score 6.44 (2.99) 2.91 (3.07) 8.97 134.88 <.001 
SIB Total Score 94.27 (15.80) 76.98 (29.60) 6.61 248.69 <.001 
DAFS BADL 
Score 48.91 (15.49) 26.03 (18.39) 10.62 151.04 <.001 
DAFS IADL 













Descriptive Statistics for Self-Reported Sensory Functioning 
  Octogenarians  Centenarians p 
  # (%) # (%)   
Self Reported Vision 
Problems    
Yes 42 (54.55) 123 (56.68) .790 
No 35 (45.45) 94 (43.32)  
Self-Reported Hearing 
Problems    
Yes 43 (55.84) 123(56.94) .894 
No 34 (44.16) 93 (38.11)  
Self-Reported Taste 
Problems    
Yes 8 (10.67) 13 (6.05) .199 
No 67 (89.33) 202 (93.95)  
Self-Reported Smell 
Problems    
Yes 13 (17.33) 18 (8.37) .048 
No 62 (82.67) 197 (91.63)   
 
Table 4 
Descriptive Statistics for Motor Functioning 
  Octogenarians Centenarians t df p 
  M (SD) M (SD)    
Hand-taps 45.25 (13.95) 28.51 (18.14) 8.49 169.79 <.001 
Grip 
Strength 22.04 (11.87) 10.32 (10.54) 7.79 118.49 <.001 
Leg 









Correlations Between Octogenarian Neuropsychological, Functional, Motor and Sensory 
Functioning 









































































Strength r .449 .380 .187 .508 .308 .418 .458 .423 1 1 1 
  p <.001 .001 .102 <.001 .006 <.001 <.001 <.001    
Leg 
Strength r .214 .109 .251 .228 .241 .182 .254 .140 1 1 1 
  p .071 .363 .033 .054 .041 .127 .034 .252       
Hand-
taps r .574 .546 .474 .539 .501 .569 .574 .600 1 1 1 
  p <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001       
Meas. 
Vision  RHO -.256 -.247 -.176 -.092 -.321 -.232 -.140 -.417 -.190 -.372 -.315 
  p .026 .034 .130 .435 .005 .045 .237 <.001 .102 .001 .006 
Meas. 
Hearing RHO .284 .226 .215 .280 .282 .252 .292 .176 .147 -.045 -.081 
  p <.001 .001 .001 <.001 <.001 <.001 <.001 .130 .024 .577 .325 
S-R 
Vision 
Prob RHO .005 -.054 -.097 -.121 .002 .134 -.035 .053 -.077 .055 .135 
  p .965 .641 .403 .295 .989 .247 .764 .654 .507 .645 .240 
S-R 
Hearing 
Prob RHO .271 -.084 -.013 .190 .241 .276 .212 .230 .035 .040 .104 








Correlations Between Octogenarian Sensory Functioning, Motor Functioning, and Vision and 
Hearing Composites 




























O .159 .075 .140 .035 .209 .061 




O .029 .126 -.066 .019 .005 .129 
  p .809 .291 .590 .875 .966 .288 
Hand-taps 
RH
O -.093 -.113 .305 .313 .234 .255 




O -.024 -.153 -.105 .032 -.124 -.048 




O .034 -.028 .094 .108 .089 -.098 
  p .767 .806 .420 .352 .442 .402 
S-R Vision 
Prob r .131 .163 -.114 -.009 -.050 .073 
  p .255 .156 .330 .940 .670 .534 
S-R Hearing 
Prob r -.053 -.008 .162 .220 .086 .186 








Correlations Between Centenarian Neuropsychological, Functional, Motor and Sensory 
Functioning 









































































Strength r .461 .372 .279 .466 .358 .427 .467 .444 1 1 1 
  p <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001    
Leg 
Strength r .179 .120 .260 .106 .135 .143 .218 .202 1 1 1 
  p .026 .148 .001 .202 .099 .079 .009 .015       
Hand-taps r .725 .620 .488 .709 .602 .740 .657 .703 1 1 1 
  p <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001       
Meas. 
Vision  RHO -.192 -.184 -.210 -.212 -.234 -.191 -.239 -.250 -.055 -.235 -.178 
  p .019 .027 .011 .010 .004 .019 .004 .003 .505 .011 .031 
Meas. 
Hearing RHO .284 .226 .215 .280 .282 .252 .292 .257 .147 -.045 .184 
  p <.001 .001 .001 <.001 <.001 <.001 <.001 <.001 .024 .577 .005 
S-R 
Vision 
Prob RHO .042 .001 -.026 .098 .137 -.014 -.037 -.071 -.160 -.176 .084 
  p .537 .986 .710 .161 .047 .842 .596 .314 .018 .030 .227 
S-R 
Hearing 
Prob RHO .118 .065 .124 .091 .211 .060 .109 .047 .045 -.054 .051 









Correlations Between Centenarian Sensory Functioning, Motor Functioning, and Vision and 
Hearing Composites 



















Grip Strength RHO .065 .070 .111 .110 .128 .132 
  p .317 .280 .096 .099 .056 .051 
Leg Strength RHO -.049 -.060 .025 .067 -.029 -.010 
  p .551 .470 .766 .422 .728 .905 
Hand-taps RHO -.055 -.073 .251 .210 .146 .108 
  p .402 .270  <.001 <.001 .031 .114 
Meas.Vision  RHO .270 .078 -.135 -.153 -.089 -.042 
  p .848 .347 .108 .071 .293 .626 
Meas. Hearing RHO -.097 -.120 .111 .160 .012 .041 
  p .136 .067 .098 .018 .861 .551 
Self-Reported 
Vision Problems r -.121 -.107 .088 .121 -.003 .046 
  p .078 .120 .210 .087 .971 .522 
Self-Reported 
Hearing 
Problems r -.049 -.099 .039 .058 .010 -.006 
  p .476 .152 .579 .412 .886 .938 
Self-Reported 
Taste Problems r -.025 -.143 -.052 .015 -.056 -.084 
  p .723 .038 .461 .831 .435 .242 
Self-Reported 
Smell Problems r -.063 -.118 .036 .028 -.022 -.068 








Z-Tests comparing associations between Sensory, Motor and Neuropsychological/Functional 
Status variables in Octogenarians vs. Centenarians 
































































Vision  z -.047 -.045 0.24 0.85 0.65 0.30 0.70 -1.28 -0.95 -0.99 -1.01 
  p .32 .33 .41 .20 .26 .38 .24 .10 .17 .16 .16 
Meas. 
Hearing z -0.21 0.23 0.63 -0.98 0.07 0.02 -0.30 -0.63 -0.78 1.97 0.18 
  p .42 .41 .26 .16 .47 .49 .38 .26 .22 .02 .43 
S-R 
Vision 
Prob z     -1.00    0.62 1.60  
  p         .16       .27 .05   
S-R 
Hearing 
Prob z 1.18    0.23 1.65  1.35    













Demographic vs. Measured Sensory Functioning Predictors: MMSE Total Score 





























Acuity .191 .034 1.470 .237 .311 .064 6.600 .002 









Constant 35.958 27.720  .199 112.776 31.504  <.001 
Age -.236 .320 -.093 .463 -1.059 .311 -.245 .001 
Gender -1.530 1.720 -.101 .377 -3.209 1.746 -.131 .068 
Years of 
Education .642 .245 .291 .011 .808 .164 .347 <.001 
Vision 
Acuity -.040 .028 -.173 .146 -.020 .013 -.115 .107 
Hearing 











Demographic vs. Self-Reported Sensory Functioning Predictors: MMSE Total Score 


















Model 1: Age, 
Gender, 
Education .157   .007 .246   <.001 

























Constant 56.512 23.845  .021 136.10 26.832  <.001 
Age -.509 .289 -.199 .082 -1.282 .267 -.297 <.001 
Gender -1.397 1.684 -.092 .410 -2.646 1.494 -.108 .078 
Years of 
Education .769 .246 .348 .003 .860 .142 .369 <.001 
S-R Vision 
Problems .309 1.663 .022 .853 1.639 1.143 .092 .153 
S-R Hearing 
Problems 4.134 1.623 .289 .013 1.564 1.128 .088 .167 
S-R Taste 
Problems -1.631 2.738 -.071 .553 -.038 2.372 -.001 .987 
S-R Smell 








Demographic vs. Measured Sensory Functioning Predictors: COWAT 



























Acuity .238 .056 2.492 .090 .240 .043 3.966 .021 









Constant -3.882 17.961  .830 18.140 13.719  .188 
Age .013 .208 .008 .949 -.190 .136 -.107 .165 
Gender -.628 1.115 -.062 .575 -.526 .760 -.052 .490 
Years of 
Education .544 .159 .372 .001 .380 .071 .398 <.001 
Vision 
Acuity -.021 .018 -.134 .249 -.007 .005 -.100 .185 
Hearing 











Demographic vs. Self-Reported Sensory Functioning Predictors: COWAT 


















Model 1: Age, 
Gender, 
Education .182   .003 .196   <.001 
























Constant 20.951 16.467  .208 27.185 11.694  .021 
Age -.239 .199 -.141 .235 -.274 .116 -.154 .019 
Gender -.577 1.164 -.057 .622 -.336 .651 -.033 .607 
Years of 
Education .597 .170 .408 .001 .390 .062 .408 <.001 
S-R Vision 
Problems .619 1.149 .066 .592 .322 .498 .044 .519 
S-R Hearing 
Problems -.633 1.121 -.067 .574 .473 .492 .065 .337 
S-R Taste 
Problems -1.021 1.892 -.067 .591 .480 1.034 .032 .643 
S-R Smell 








Demographic vs. Measured Sensory Functioning Predictors: WAIS Similarities Subtest Score 






























Acuity .420 .056 3.333 .042 .358 .063 6.880 .001 









Constant -6.432 28.335  .821 7.903 27.816  .777 
Age -.086 .328 -.028 .793 -.100 .275 -.025 .716 
Gender -1.072 1.759 -.058 .544 -3.165 1.542 -.142 .042 
Years of 
Education 1.502 .251 .564 <.001 1.109 .145 .522 <.001 
Vision 
Acuity -.012 .028 -.043 .667 -.033 .011 -.203 .004 
Hearing 










Demographic vs. Self-Reported Sensory Functioning Predictors: WAIS Similarities Subtest Score 


















Model 1: Age, 
Gender, 
Education .364   <.001 .295   <.001 










Problems .372 .008 .220 .926 .315 .020 1.476 .211 











Constant 29.452 26.285  .267 23.989 23.939  .318 
Age -.418 .318 -.136 .193 -.276 .238 -.070 .247 
Gender -.435 1.857 -.024 .816 -2.741 1.333 -.123 <.001 
Years of 
Education 1.597 .271 .599 <.001 1.122 .126 .529 <.001 
S-R Vision 
Problems .556 1.833 .032 .763 .049 1.020 .003 .961 
S-R Hearing 
Problems .323 1.789 .019 .857 2.116 1.007 .131 .037 
S-R Taste 
Problems .835 3.019 .030 .783 -.728 2.116 -.022 .731 
S-R Smell 








Demographic vs. Measured Sensory Functioning Predictors: BDS 







































Constant 38.181 20.070  .064 75.931 24.135  .002 
Age -.354 .234 -.187 .136 -.738 .239 -.230 .002 
Gender -1.393 1.258 -.123 .272 -2.027 1.338 -.111 .132 
Years of 
Education .531 .179 .324 .004 .510 .126 .295 <.001 
Vision 
Acuity -.019 .020 -.107 .360 -.019 .010 -.143 .052 
Hearing 











Demographic vs. Self-Reported Sensory Functioning Predictors: BDS 



















Model 1: Age, 
Gender, 
Education .204   .001 .199   <.001 










Problems .265 .060 1.377 .251 .236 .037 2.408 .051 











Constant 45.624 17.519  .011 
96.93
7 20.748  <.001 
Age -.444 .212 -.234 .040 -.941 .206 -.293 <.001 
Gender -1.475 1.237 -.130 .238 -1.758 1.155 -.097 .130 
Years of 
Education .547 .181 .333 .004 .556 .109 .322 <.001 
S-R Vision 
Problems -.917 1.221 -.087 .455 2.063 .884 .157 <.001 
S-R Hearing 
Problems 2.380 1.192 .224 .050 .514 .872 .039 .556 
S-R Taste 
Problems -2.064 2.012 -.121 .309 -.128 1.834 -.005 .944 
S-R Smell 








Demographic vs. Measured Sensory Functioning Predictors: FOME Total Recall Score 







































Constant 3.946 11.317  .728 21.703 12.043  .074 
Age -.007 .131 -.007 .956 -.215 .119 -.143 .073 
Gender -.349 .702 -.055 .620 -.607 .667 -.071 .365 
Years of 
Education .126 .100 .136 .214 1.69 .063 .208 .008 
Vision 
Acuity -.034 .011 -.344 .004 -.008 .005 -.128 .102 
Hearing 











Demographic vs. Self-Reported Sensory Functioning Predictors: FOME Total Recall Score 


















Model 1: Age, 
Gender, 
Education .087   .088 .097   <.001 
























Constant 24.101 10.370  .023 
30.93
8 10.116  .003 
Age -.243 .125 -.227 .057 -.307 .101 -.204 .003 
Gender -.417 .732 -.066 .571 -.358 .563 -.042 .526 
Years of 
Education .178 .107 .193 .101 .192 .053 .237 <.001 
Self-Reported 
Vision 
Problems .009 .723 .002 .990 .786 .431 .127 .070 
Self-Reported 
Hearing 
Problems 1.367 .706 .228 .057 1.029 .425 .166 .016 
Self-Reported 
Taste 
Problems -2.031 1.191 -.211 .093 .232 .894 .018 .796 
Self-Reported 
Smell 






Demographic vs. Measured Sensory Functioning Predictors: SIB Total Score 









































Constant 89.046 65.726  .180 384.510 111.368  .001 
Age .016 .760 .003 .983 -3.310 1.101 -.228 .003 
Gender -5.561 4.079 -.165 .177 -9.991 6.173 -.121 .108 
Years of 
Education .199 .582 .041 .733 2.580 .580 .330 <.001 
Snellen 
Vision 
Acuity -.067 .065 -.130 .308 -.056 .044 -.095 .205 
Hearing 










Demographic vs. Self-Reported Sensory Functioning: SIB Total Score 































Problems .128 .083 1.592 .187 .221 .011 0.742 .565 











Constant 132.771 56.719  .022 
426.35
9 93.655  <.001 
Age -.577 .686 -.102 .404 -3.715 .931 -.256 <.001 
Gender -4.638 4.006 -.138 .251 -8.957 5.215 -.109 .087 
Years of 
Education .541 .586 .111 .359 2.680 .494 .342 <.001 
S-R Vision 
Problems 3.209 3.955 .102 .420 2.497 3.990 .042 .532 
S-R Hearing 
Problems 7.637 3.860 .242 .052 2.632 3.938 .044 .505 
S-R Taste 
Problems .296 6.514 .006 .964 -1.834 8.279 -.015 .825 
S-R Smell 








Demographic vs. Measured Sensory Functioning Predictors: DAFS IADL Score 











































Constant 112.583 60.968  .069 
211.51
0 66.137  .002 
Age -1.017 .705 -.184 .154 -2.011 .654 -.223 .003 
Gender -2.683 3.784 -.081 .481 -8.486 3.666 -.166 .022 
Years of 
Education 1.471 .540 .308 .008 1.577 .345 .324 <.001 
Vision 
Acuity -.047 .061 -.093 .439 -.068 .026 -.186 .010 
Hearing 










Demographic vs. Self-Reported Sensory Functioning: DAFS IADL Score 















































4 52.826  .008 260.397 58.356  <.001 
Age -1.418 .639 -.256 .030 -2.470 .580 -.274 <.001 
Gender -2.381 3.731 -.072 .526 -7.009 3.250 -.137 <.001 
Years of 
Education 1.655 .546 .346 .003 1.638 .308 .337 <.001 
S-R Vision 
Problems .303 3.683 .010 .935 .000 2.486 .000 1.000 
S-R Hearing 
Problems 7.173 3.595 .232 .050 3.701 2.454 .100 .133 
S-R Taste 
Problems -4.060 6.067 -.081 .506 .020 5.158 .000 .997 
S-R Smell 








Demographic vs. Measured Sensory Functioning Predictors: DAFS BADL Score 















































9 16.432  .209 107.455 32.483  .001 
Age .017 .190 .012 .929 -.939 .321 -.235 .004 
Gender -1.075 1.020 -.127 .296 -2.133 1.800 -.094 .238 
Years of 
Education .050 .145 .040 .734 .435 .169 .202 .011 
Vision 
Acuity -.036 .016 -.280 .030 -.026 .013 -.158 .049 
Hearing 










Demographic vs. Self-Reported Sensory Functioning Predictors: DAFS BADL Score 











































Constant 34.209 14.812  .024 
119.9
66 27.579  <.001 
Age -.171 .179 -.121 .344 -1.063 .274 -.266 <.001 
Gender -1.106 1.046 -.131 .294 -1.799 1.536 -.080 .243 
Years of 
Education .128 .153 .104 .407 .439 .145 .204 .003 
S-R Vision 
Problems .240 1.033 .030 .817 -.494 1.175 -.030 .675 
S-R Hearing 
Problems 1.741 1.008 .219 .089 .874 1.160 .053 .452 
S-R Taste 
Problems -.265 1.701 -.021 .877 -.538 2.438 -.016 .825 
S-R Smell 








Demographic vs. Measured Sensory Functioning Predictors: Combined Vision Composite 











































Constant 9.114 8.078  .263 16.526 8.149  .045 
Age -.054 .093 -.078 .568 -.118 .081 -.129 .144 
Gender -.671 .501 -.164 .186 .463 .452 .089 .307 
Years of 
Education .053 .072 .089 .465 .001 .042 .001 .990 
Vision 
Acuity -.005 .008 -.072 .574 -.002 .003 -.064 .462 
Hearing 










Demographic vs. Self-Reported Sensory Functioning Predictors: Combined Vision Composite 































Problems .093 .028 .507 .730 .025 .004 0.200 .938 











Constant 11.476 7.130  .580 
16.70
2 6.856  .016 
Age -.080 .086 -.117 .731 -.125 .068 -.136 .068 
Gender -.654 .504 -.160 .115 .444 .382 .085 .246 
Years of 
Education .072 .074 .121 .800 .000 .036 .001 .991 
S-R Vision 
Problems -.122 .497 .140 .286 .042 .292 .011 .887 
S-R Hearing 
Problems .463 .485 -.111 .384 .079 .288 .021 .784 
S-R Taste 
Problems .223 .819 -.065 .625 -.393 .606 -.050 .518 
S-R Smell 








Demographic vs. Measured Sensory Functioning Predictors: Combined Hearing Composite 









































Constant 4.620 10.195  .652 21.178 11.386  .065 
Age .009 .118 .011 .939 -.155 .113 -.123 .170 
Gender -.468 .633 -.093 .462 .231 .631 .032 .715 
Years of 
Education .082 .090 .111 .369 .018 .059 .027 .756 
Vision 
Acuity -.003 .010 -.043 .744 -.001 .005 -.011 .897 
Hearing 










Demographic vs. Self-Reported Sensory Functioning Predictors: Combined Hearing Composite 

































Problems .092 .064 1.145 .344 .035 .017 .819 .515 











Constant 8.232 8.828  .355 23.641 9.476  .013 
Age -.038 .107 -.045 .723 -.181 .094 -.143 .056 
Gender -.340 .624 -.067 .587 .229 .528 .032 .665 
Years of 
Education .127 .091 .173 .169 .027 .050 .040 .589 
S-R Vision 
Problems .295 .615 .062 .634 .455 .404 .087 .262 
S-R 
Hearing 
Problems .992 .601 .209 .103 -.079 .398 -.015 .844 
S-R Taste 
Problems .377 1.014 .049 .711 -.741 .838 -.069 .378 
S-R Smell 







Demographic vs. Motor Functioning Predictors: MMSE 



























Grip Strength,  
Leg Strength .489 .332 14.075 <.001 .601 .355 42.175 <.001 











6  .531 49.283 24.875  .049 
Age -.148 .240 -.058 .539 -.467 .244 -.108 .057 
Gender 3.410 1.691 .224 .048 .046 1.478 .002 .975 
Years of 
Education .404 .207 .183 .056 .390 .131 .167 .003 
Hand-taps .235 .052 .458 <.001 .278 .030 .573 <.001 
Grip Strength .250 .066 .414 <.001 .151 .052 .181 <.001 












Demographic vs. Motor Functioning Predictors: COWAT 

























Grip Strength,  
Leg Strength .473 .291 11.787 <.001 .466 .269 23.675 <.001 











Constant -7.018 14.085  .620 -5.070 11.861  .670 
Age -.020 .163 -.012 .901 .025 .116 .014 .827 
Gender 2.127 1.146 .211 .068 .626 .705 .062 .376 
Years of 
Education .436 .141 .298 .003 .230 .062 .241 <.001 
Hand-taps .164 .036 .484 <.001 .100 .014 .500 <.001 
Grip Strength .129 .045 .324 .006 .053 .025 .155 .033 









Demographic vs. Motor Functioning Predictors: WAIS Similarities Subtest Score 



























Grip Strength,  
Leg Strength .472 .109 4.460 .007 .437 .142 11.919 <.001 









Constant 2.580 25.474  .920 -23.843 26.956  .378 
Age -.200 .294 -.065 .498 .150 .264 .038 .571 
Gender 1.687 2.073 .092 .419 -.558 1.601 -.025 .728 
Years of 
Education 1.356 .254 .509 <.001 .913 .142 .430 <.001 
Hand-taps .211 .064 .341 .002 .136 .033 .307 <.001 
Grip Strength .053 .081 .073 .517 .046 .056 .060 .415 










Demographic vs. Motor Functioning Predictors: BDS 


















Model 1: Age, 
Gender, 
Education .204   .001 .199   <.001 




Grip Strength,  














Constant 15.223 15.009  .314 31.805 19.234  .100 
Age -.218 .173 -.115 .214 -.321 .189 -.100 .091 
Gender 2.502 1.221 .221 .045 .046 1.143 .003 .968 
Years of 
Education .350 .150 .214 .022 .182 .101 .105 .075 
Hand-taps .143 .038 .375 <.001 .212 .023 .589 <.001 
Grip Strength .214 .048 .478 <.001 .125 .040 .202 .002 









Demographic vs. Motor Functioning Predictors: FOME Total Recall Score 


















Model 1: Age, 
Gender, 
Education .087   .100 .097   .002 




Grip Strength,  














Constant 6.850 9.983  .495 3.561 10.755  .741 
Age -.098 .115 -.091 .400 -.045 .105 -.030 .672 
Gender 1.300 .812 .204 .114 .443 .639 .052 .489 
Years of 
Education .058 .100 .063 .561 .039 .057 .048 .492 
Hand-taps .089 .025 .414 .001 .088 .013 .522 <.001 
Grip Strength .071 .032 .283 .029 .046 .022 .158 .041 










Demographic vs. Motor Functioning Predictors: SIB Total Score 

























Grip Strength,  














Constant 25.923 48.448  .594 
144.13
4 84.254  .089 
Age .349 .560 .062 .535 -1.081 .826 -.074 .193 
Gender 5.877 3.942 .17 .141 -2.074 5.005 -.025 .679 
Years of 
Education -.423 .483 -.087 .385 1.084 .443 .138 .016 
Hand-taps .596 .122 .526 <.001 1.033 .102 .633 <.001 
Grip Strength .529 .155 .398 .001 .377 .175 .134 <.001 










Demographic vs. Motor Functioning Predictors: DAFS IADL Score 


















Model 1: Age, 
Gender, 
Education .177   .005 .233   <.001 




Grip Strength,  














Constant 44.073 44.402  .325 100.80 57.903  .084 
Age -.596 .513 -.108 .250 -1.015 .568 -.112 .076 
Gender 8.930 3.613 .271 .016 -.703 3.440 -.014 .838 
Years of 
Education .875 .443 .183 .053 .784 .305 .161 .011 
Hand-taps .482 .112 .434 <.001 .485 .070 .479 <.001 
Grip Strength .580 .142 .445 <.001 .374 .120 .214 <.001 











Demographic vs. Motor Functioning Predictors: DAFS BADL Score 




























Leg Strength .467 .418 16.215 <.001 .539 .400 39.895 <.001 











Constant 8.705 12.069  .473 37.034 25.053  .142 
Age .035 .139 .024 .805 -.312 .246 -.078 .207 
Gender 1.53 .982 .184 .119 1.034 1.488 .046 .488 
Years of 
Education -.087 .120 -.071 .470 .009 .132 .004 .946 
Hand-taps .165 .030 .581 <.001 .266 .030 .593 <.001 
Grip 
Strength .128 .039 .381 .002 .161 .052 .209 .002 










Demographic vs. Motor Functioning Predictors: Combined Hearing Composite 















change F change p 
Model 1: 
Age, Gender, 





Grip Strength,  














Constant 10.490 7.478  .166 12.003 8.361  .153 
Age -.077 .086 -.113 .374 -.080 .082 -.087 .330 
Gender -.477 .608 -.117 .436 .586 .497 .113 .241 
Years of 
Education .051 .075 .085 .500 -.029 .044 -.059 .508 
Hand-taps .027 .019 .195 .160 .012 .010 .115 .245 
Grip Strength .010 .024 .060 .686 .020 .017 .114 .244 









Demographic vs. Motor Functioning Predictors: Combined Vision Composite 

























Grip Strength,  














Constant 4.899 9.438  .606 17.506 11.690  .137 
Age -.001 .109 -.002 .990 -.121 .115 -.096 .292 
Gender -.207 .768 -.041 .788 .470 .694 .065 .500 
Years of 
Education .054 .094 .074 .566 -.007 .061 -.010 .915 
Hand-taps .038 .024 .226 .111 .007 .014 .052 .604 
Grip Strength -.006 .030 -.028 .856 .028 .024 .113 .255 










Summary of Significant Predictors for Octogenarians: Demographics vs. Sensory Functioning 
    Criterion Measure 





































































Age       *     *       
Gender           





Denominator         *     *     
Hearing 
























Summary of Significant Predictors for Centenarians: Demographics vs. Sensory Functioning 
    Criterion Measure 





































































Age * *   * * * * *     
Gender   *    *    





Denominator     *       * *     
Hearing 

























Summary of Significant Predictors for Octogenarians: Demographics vs. Motor Functioning 
    Criterion Measure 





































































Age                     
Gender *   *   *    




taps * * * * * * * *     
Grip 
Strength * *  * * * * *   
Leg 
Strength                     
 
Table 43 
Summary of Significant Predictors for Centenarians: Demographics vs. Motor Functioning 
    Criterion Measure 





































































Age                     
Gender           




taps * * * * * * * *     
Grip 
Strength * *  * * * * *   
Leg 
Strength     *               
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 Two theories predominate to explain the covariation of cognitive and sensory functions 
across the lifespan: The Common Cause hypothesis and the Sensory Deprivation hypothesis.  It 
was hypothesized that the Common Cause hypothesis better accounted for the these 
relationships.  This hypothesis was assessed by examining the associations between sensory 
functioning, cognitive functioning, functional status, and motor functioning in samples of 
octogenarians (n = 80) and centenarians (n = 244) drawn from the Georgia Centenarian Study, 
Phase 3, Project 3.  Special attention was given to cross-sensory-modality associations.  
Hierarchical regressions were also utilized to determine whether inclusion of either measured or 
self-reported sensory functioning predictors or motor functioning predictors would result in 
incremental variance accounted for in late-life outcomes, beyond variance explained by 
demographic factors alone.  The relative predictive value of each sensory indicator was also 
compared for octogenarians and centenarians to determine whether the covariation of sensory, 
cognitive, and functional abilities increased across the lifespan.  Although age and education 
were important predictors of late-life cognitive and functional outcomes, sensory functions 
accounted for significant proportions of variance in several late-life outcomes.  In particular, 
113  
 
objectively-measured hearing ability consistently predicted variance in cognitive and functional 
abilities.  Furthermore, grip strength and hand-tapping ability were significant predictors of late-
life outcomes.  The results of the current study provide strong evidence for the common cause 
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